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mmd (52) Index at acceptance 

C2P 1L1 1L3 2L13 2L15 2L18B 2L19C 2L19F 2L19G 

2L26A 2L26B 2L30B 5A 5B 7 
C2C 178—196—274 185— 27X— 286 19X— 191— 270 214 
215 221 225 22Y 247 250 251 253 25Y 28X 29X 
29Y 30Y 314 31Y 320 321 32Y 337 342 34Y 351 
355 360 361 362 364 366 368 36Y 373 37Y 464 
601 614 620 625 62X 648 650 652 658 667 672 
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(54) IMPROVEMENTS IN OR RELATING TO ANTIBIOTIC 
DERIVATIVES AND THE PREPARATION THEROF 

(71) We, THE UPJOHN COMPANY, a corporation organized and existing 
under the laws of the State of Delaware, United States of America, of 301 Henrietta 
Street, Kalamazoo, State of Michigan, United States of America, do hereby declare 
me invention, for which we pray that a patent may be granted to us, and the method 
5 by which it is to be performed, to be particularly described in and by the following 
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This invention relates to novel antibacterial compounds and to processes for 
preparing mem. It is particularly directed to novel 3-nucleotides of lincomycin, and 
of analogs thereof, and of ceksticetins. The compounds of the invention can be shown 
by the following formula : 



10 




wherein Y can be in « or p configuration and is — SR wherein R is alkyl or 1 to 6 
carbon atoms, inclusive, 



bo 



15 



20 



or S— CH— CHa— OH, R, is H, or cis or tram alkyl of from 1 to 8 carbon atoms, 
inclusive; Rj is H, CH* or Oft; X is OH, chlorine, bromine, iodine or — OR* wherein 
R, is alkyl of 1 to 6 carbon atoms, inclusive, cycloalkyi, hydroryalkyl or alkoxyalkyJ, 
each in the (R) or (S) configuration; and Z is a nucleoside -5'- phosphate group 
wherein said nucleoside is adenosine, guanosine, cytidine or uridine; and salts thereof. 
The invention also includes me zwitterion forms of compound I. 

Alkyl of from 1 to 8 carbon atoms are methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyi, and ocryl and isomers thereof. 



15 



20 



[Price 25f\ 
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The novel compounds of the invention arc prepared by incorporating a compound, 
as defined in Formula I, wherein Z at the 3-posirion of the molecule is hydrogen 
(hereinafter referred to as the "parent" compound), on a 5fr^r^m ferm^tanon, 
and transforming the compound into a novel 3-nucleorjde, as described above. Also 

5 produced in varying amounts in the process of the subject invention, arc 3 T phospnate 
esters of the parent compounds. These 3-phosphate esters arc readily disnnginsncd from 
the 3-nuckoddes of the subject invention since the 3-phosphates do not have an ultra- 
violet absorption maximum and they are not hydrolyzed to the parent compound by 
snake venom ^esterase (venom phosphodie^erascO or spleendiesterase^us, aswiU 

in be described in detail hereinafter, the 3 -nucleotides are detected in the recovery proce- 
dures of tbe subjea invention by ultraviolet analysis and the snake venom ^esterase 
test Venom dicsterase cleaves, for example, clmdamyrin-adenylate, to clindamycin and 
adenosme-5 '-phosphate. , , . , . . . ^ - 

Initial presence of 3-nudeoudes in fennentanon beers is detected by the use oi 

15 an alkaline phosphatase test, as hereinafter described. However, this test does not 
differentiate between 3-phosphates and 3-nucleoBdes and the 3-nuckondcs would 
remain unrecognized but for the use of other tests, as described above. 

The compounds of the invention, though anribacterially inactive tn vitro against 
S. aureus and Sarcina lutea, are activated when used in vivo, for example against 

20 S. aureus. Presumably, this activation in vivo is comparable to the generation of the 20 
parent lincomycin compound when contacting the 3-rmcleotide-lincomycin compound 
with alkaline phosphatase in vitro. 

The lincomycin compounds, herein defined as starting materials or parent com- 
pounds, can be prepared by procedures disclosed in various patents, publications and 

25 patent applications. These are as follows : 25 

Tjncomydn VS. Patent 3,086,912 
With reference to Formula I, wherein 

y =— SCH, to— SQH„ U.S. Patent 3380,992 

R,=or or trans alkvi to 8 carbon atoms VS. Patent 3380,992 

R-= Hydrogen or alkyl to 8 carbon atoms VS. Patent 3380,992 30 

X==(S)OH or OR, VS. Patent 3380,992 

X =(R) or (S) Q or Br Belgium Patent 676^202 

V 3 W US. Patent 3,496,163 

X =(R) or (S)I VS. Patent 3,496,163 

C^esricerin VS. Patent 2,928,844 35 

Desalicetin VS. Patent 2,851,463 

4'-Dej>rorjyM'-etnyl lincomycin, wherein Y is — SCH„ R, is trans ethyl, R 2 is 
CH» and X is (R)OH in Formula I can be prepared by the procedure disdosed in 
Examples 1 and 2 of VS. Patent 3,359,164 wherein said compound is named linco- 
40 mycin B. 

r-Demethyi-1 '-ethyl lincomycin, wherein Y is — SCH„ R, is trans n-propyl, R s 
is ethyl, and X is (R)OH in Formula I can be prepared by the procedure disclosed in 
Examples 1 and 2 of U.S. Patent 3359,163 wherein said compound is named linco- 
mycin C 

45 l'-Demethyi Imcomydn, wherein Y is — SCH„ R. is trans n-propyl, R, is H and 45 

X is (R)OH in Formula I can be prepared by the procedure d is closed in Example 1 
of U.S. Patent 3329368 wherein said compound is named lincomycin D. 

Of the above comrx>unds, the compound 7(S)-cWoTO-7-deoxy-liiicomycin is also 
presently known by the generic name "clindamycin". 

50 The parent lincomycin compounds or analogs thereof, and cdesticedn, as described 50 

above, can be converted to 3 -nucleotides, as shown in Formula I, by incorporating the 
parent compound in a Streptomyces fermentation. For example, upon adding clinda- 
mycin hydrochloride to a Streptomyces coeticolor Mulkr, NRRL 3532, fermentation 
mere are produced clindamycin nucleotides. 

55 The fermentation to make the novel compounds of the invention can be conducted 55 

in an aqueous nutrient medium under submerged aerobic conditions. It is to be under- 
stood afco that for the preparation of limited amounts of 3-nudeotides, surface cultures 
and bottles can be employed. The organism used tn the fermentation is grown in a 
nutrient medium containing a carbon source, for example, an assimilable carbohydrate 

60 and a nitrogen source, for example, an assimilable nitrogen compound or proteinaceous 60 
material. Preferred carbon sources include glucose, brown sugar, sucrose, glycerol, 
starch, cornstarch, lactose, dextrin and molasses. Preferred nitrogen sources include 
corn steep liquor, yeast, autolyzed brewer's yeast with milk solids, soybean meal, cotton - 
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seed meal, cornmeaL, milk solids, pancreatic digest of casein, distillers' solubles, animal 
peptone liquors and meat and bone scraps. Combinations of these carbons and nitrogen 
sources can be used advantageously. Trace metals, for example, zinc, magnesium, 
manganese, cobalt and iron need not be added to the fermentation media since tap 
5 water and im purified ingredients arc used as media components. 5 
Production of the novel compounds of the invention can be effected at any tem- 
perature conducive to satisfactory growth of the Streptottryces culture, for example, 
between about 18° and 40°C, and preferably between about 20° and 37°C 

When a Streptomyces fermentation, as described above, is used to prepare nudeo- 
10 tides of lincomycin ox an analog thereof, as herein defined, or of cclesticctin, the linco- 10 
myrin or celesticetin parent compound (non-micieotide) can be added prior to inocula- 
tion of the fermentation medium. Alternatively, the parent compound can be added 
in small increments during the fermentation cycle so long as the addition is not too 
late in the fermentation cycle to accomplish the desired transformation of all the 
15 parent compound added. The time and amounts of addition of the parent compound 15 
can easily be determined for each fermentation by adding the parent compound until 
some toxicity to die fermentation is observed, such as inhibition of the formation of 
3 -nucleotides. Also, if at die end of the fermentation cycle there remains parent com- 
pound, men in subsequent fermentations smaller levels of parent compound should 
20 be used and/or the time of addition should be altered. 20 
Since the in vitro antibacterial activity against S. Luiea of the parent compound 
is lost upon transformation to a 3 -nucleotide, the presence of residual in vitro anti- 
bacterial activity in a culture or culture extract at 24 hours after addition of the parent 
compound is evidence that the capacity of the culture or culture extract to transform 
25 the parent compound has been exceeded or the level of added compound was too 25 
high and inhibited the microorganism in the transformation process. The in vitro anti- 
bacterial activity, mentioned above, can be ascertained on a standard microbiological 
plant assay against the microorganism Sarctna hitea. 

A variety of procedures can be employed in the isolation and purification of the 
30 novel compounds in the subject invention, for example, solvent extraction, liquid- 30 
liquid distribution in a Craig apparatus, liquid ion exchange extraction or adsorption 
on a suitable adsorbent, for example, carbon, and column chromatography. In a 
preferred recovery process, the novel 3 -nucleotide compounds are isolate d from a 
fermentation beer, as herein described, by nitration. The filtrate is then passed over a 
35 suitable absorbent, for example, activated carbon or "AmberUte" (Registered Trade 35 
Mark) XAD — 2 (a non-ionic, macro-porous copolymer of styrene cross-linked with 
divinylbenzene resin sold by Rohm and Haas Company). This resin is prepared by 
suspension polymerization of styrene divinyibenzene copolymers in the presence of a 
substance which is a good solvent for the copolymer (see JJV.CS. 84, 306, 1962) to 
40 remove water-soluble impurities which may interfere wkh the subsequent chramato- 40 
graphy step. The resin is emted wkh a mixture of water and v/ater-nusrible organic 
solventst, for example, water-lower alcohols of Q — C, and water-lower ketones of 
Ci— C. The ehiate from the carbon or "Amberiite" (Registered Trade Mark) XAD — 2 
resin is then passed through a chromatography column containing an anion exchange 
45 resin, for example, "Dowex" — 1 (Registered Trade Mark) (X — 4) in the acetate form 45 
(sold by Dow Chemical Company, Midland, Michigan). Fractions are collected from 
the chromatography column and assayed for activity against the microorganism S. lutea 
before and after treatment of the fractions with alkaline phosphatase as hereinafter 
described. Fractions having the highest activity against S. lutea upon test with alkaline 
50 phosphatase are pooled, concentrated, men subjected to coumercurrent distribution in 50 
a Craig apparatus using a solvent system consisting of n-butanol-water (1:1 v/v). 
Fractions snowing maximum ultraviolet absorption, and which are hydrolyzed by snake 
venom phosphodiesterase, are collected to give a preparation containing a mixture of 
3 -nucleotides. This mixture can be subjected to separation procedures to recover the 
55 individual 3 -nucleotides. 55 
A preferred separation procedure to recover the individual 3 -nucleotides from a 
mixture thereof utilizes DEAE — "Scphadex" — Registered Trade Mark — (Pharmacia 
Fine Chemicals, Inc., Piscataway, N.J n V.SJl or Pharmacia, Uppsala, Sweden) column 
chromatography. The column is eluted with tris-(hydroTym^hyi)-amtTv%-mffhyne 
60 (THAM) acetate. Fractions are analyzed by testing for activity against S, lutea before 60 
and after alkaline phosphatase treatment and by ultraviolet spectrum analysis at the 
original pH of the fraction, and at an acid pH (co. 2.0). Pools of fractions having 
biological activity against S. lutea after alkaline phosphatase treatment, and showing 
ultraviolet spectrum absorption, are made. Each pool contains a single 3-nucleotide, 
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along with other undesired materials. The THAM-acetate buffer is mnwed f rom 
these pools by passing them over a column containing "Amberine (Registered Trade 
MarkfxAD— 2 packed in water. After washing the column wkh water, it » ehited 
with aqueous methanol (ca 80> c aqueous methanol). Fractions, about 20 ml. each, arc 

5 coUected and analyzed by U.V. Fractions showing U.V. absorption arc combined and 5 
concentrated to dryness to a residue. The residue is dissolved m a lower alcohol, tor 
example methanol, and the solution mixed with ether to yield a precipitate of a 
3-roicleotide compound, as defined in Formula I. As shown in Formula I, the 3-nudeo- 
tide moiety of the novel compounds of the invention are the 3-{5'-cyodylate), 3-{5 - 

10 adenylate) H5'-uridylate) and 3-(5'-guanylate). M _ „ ig 

The nucleotides can also be separated by parauon chromatog raphy o ver "Dicalite 
—-Registered Trade Mark — (diatomaceous earth) using solvent systems consisting of 
water and a water-immiscible solvent. 

Lincomycin 3-nudeotides and the 3-nucleotidcs of lincomyan analogues are 

15 essentially inactive against bacteria m vitro. Thus, these novel 3-nucleotide compounds 15 
are detected by testing for bioactivity against S. haea after meatmem of the samples 
with alkaline phosphatase. For example, the reaction mixture consists of 0.5 ml. Tris 
buffer (0.5 M) pH 8.0, 0.5 ml. alkaline phosphatase (1 mg./ml.) stock made up in 
Tids buffer (0.5 M) pH 8.0, 0.05 ml. (about 50 meg.) of lincomytin-3-iiucleoades. This 

20 reaction mixture is incubated overnight at 28°C. *° 
Illustrative of Streptomyces which can be used to prepare the novel compounds 
of the invention are 5. codicoior 194S, NRRL 353 1 ; S. coeHcolor Muller, NRRL 3532; 
and S. venezuelae, NRRL 3527. These cultures are available, without restriction, from 
die Northern Utilization and Research Division, Agricultural Research Service, U.S. 

25 Department of Agriculture, Peoria, Illinois, U.S JV. 25 
The novel compounds of the invention are amphoteric compounds and can exist 
in different ionic forms according to the pH of the environment. At low pH the 
compounds exist in the acid-addition salt form, at a higher pH in a zwsrterion form, 
and at a still higher pH in a metal salt form. The acid-addition salts include those 

30 of strong organic or inorganic acids having a pR equal to or less than that of phosphate, 30 
for example, hydrochloric, sulfuric and phosphoric acids. 

Acid and metal salts include the alkali metal (e^. Na and K), alkaline earth metal 
(e.g. Ca and Afg), Zn, Al and ammonium salts obtained by neutralizing an acid form 
with the appropriate base, for example, ammonium hydroxide, sodium and potassium 

35 hydroxides, or alkoxides, calcium, or magnesium hydroxides. The add and neutral 35 
salts also include amine salts obtained by neutralizing an acid form with a basic amine, 
for example, mono-, di-, and trimethyl amines, mono-, di-, and tri ethyl amines, mono-, 
di-, and ^'propylamines (iso- and normal), ethyldimcthylaminc, benzylm'crbylamine, 
cydohexylamme, benzylamine, mT>cnzyJamine, N,N'-dibenzylemylenediamme, bis- 

40 (ortho-memox^ricnyUs^ropyl^niinc, and other lower-aliphatic, lower-cycloalipharic, 40 
and araliphatic amines, the lower-aliphatic and lower-cydoaHphatic radicals containing 
up to 8 carbon atoms; heterocyclic amines such as piped dine, morpholine, pyrrolidine, 
piperazine and the alkyi derivatives wherein the alkyi groups contain 1 to 8 carbon 
atoms, thereof such as 1 -mcthylpipcridinc, 4-cthylmorphoiine, l-isopropylpyrrolidinc, 

45 1,4-dimemylpiperazine, 1-n-burylpiperidine, 2-methylpiperidine and l-emyl-2-methyi- 45 
piperidine; amines containing water sorabilizing or hydrophilic groups such as mono-, 
di-, and triemanolamincs, ethyldkmanolamine, n-butyl monoethanolamine, 2- amino- 1- 
butanol, 2-ammo-2-ethyM,3-pxiopanediol f 2-amino-2-methyl- 1 -propanol, ccis-(hydroxy- 
methy]>aminomethane, phenylmonoethanolamine, p^crtiaryamyJphCTyl^cthanolaininje, 

50 and galactamine, N-mcthylgJucaminc, N-methylglucosamine, ephedrine, phenylephrine, 50 
epinephrine, and procaine; tetraethylammomum hydroxide; and guanidine. The various 
forms can be used interchangeably but for most purposes the zwmerion form 
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wherein R„ R-, X, Y and Z are as defined previously, and the ammonium salt form 
are preferred. 

Preferably according to the invention there are provided compounds having the 
5 general formula : 5 

& 




and the salts thereof, wherein Y, R x and R 2 are as defined above and Z is a nudeoside- 
5 '-phosphate group wherein said nucleoside is adenosine, guanosine, cytidine or uridine 
The invention also provides compounds having the general formula : 



10 




and the sate thereof wherein halo is chlorine or bromine and Y, Rj, R~ and Z are as 
defined above. 

Further the invention provides p referr ed compounds having the general formula: 



1,298,295 



p/ I c—w 



-Halo 



and sale thereof, wherein halo is chlorine or bromine, R 3 is CH,; Ri is pentyl; and 
Z is a nucleoside-5 '-phosphate group wherein said nucleoside is adenosine, guanosmc, 
cytidine or uridine Preferably in these latter compounds halo is chlorine. 

Also provided by the present invention are compounds having the general formula: 




10 



wherein Z is a nudeoside-5'-pbosphate group wherein said nucleoside is adenosine, 
guanc^cyddir*c*uridne;^ . ^ . 

Further preferred compounds of the present invention are those having the general 
formula: 



Of, 



10 




c — w- 



15 



20 



OH 

and salts thereof, wherein halo is chlorine or bromine; R, is CH a ; R t is pentyl; R* is 
hydrogen and Z is a nudeoside-5 '-phosphate group wherein said nucleoside is adenosine, 
guanosice, cytidine or uridine. ^ . 

Further, the invention relates to a process for the therapeutic treatment of animab 
excluding humans hosting susceptible microbial disease-producing organisms (bacterial 
and other microparasites) and the prophylactic treatment of a disease-susceptible host 
comprising the administration of the 3-nucleotide esters or a phannacologically accept- 
able salt to the host. . m . . . u 

The comtwunds of the present invennon are useful m the same manner as bnco- 
mvcm and cdesticetin in the treatment of humans, birds and animals for various 



15 



20 
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pathological conditions. The compounds provide a means for adniinisrering the thera- 
peutic mgredicnt by the oral and parenteral routes for systemic treatment. The com- 
pounds provide a method of therapy for tonsilKtis, pneumonia, otitis, conjunctivitis, 
Doife, carbuncles and other infectious conditions of humans due to the presence of 
bacteria. In aiumak, the compositions can be used prophylacrically. For example, rats 5 
can be protected from Streptococcus viridans during shipment. Animals raised for 
meat can be given prophylactic treatment for increased weigh! gain. 

Mammals hosting a. parasitic protozoan of the cWSporazoa, order Coccidia fa 
microparasite^ producing the disease coeddiosis) can be treated by administration of 
the compounds of the present invention. For example caixle infected with E. ntrmi, E i 0 
bovis, Eitltpsordalis; sheep and goats wkh fi pawa, E. faurm; swine with E debliecM, 
* ? ca 5 tz i "MP™ and cats with hospora bigemina, hospora felis, E 

cam, E fdim; poultry with R tenclh; rabbits with E stccdae, E performs; and mink 
with E mustdae can be treated. 

The compounds are also useful in the treatment of diseases caused by members of 15 
the genus Mycoplasma, the most commonly known forms are PPLO (pleuropneumonia- 
Wte onanisms) juch as M. hominis, Af. salharhtm, M. mycoides, At hyopnewnoma, 
M kyorJnrns, At galhsepttctan, M. arthridiiis and other species in man and animals, 

20 iS^^T^S "*! M *** «*• «winefand poultry (e™cSS 

20 turkeys, ducks, and geese) and laboratory animals (e.g., rats and mice)T ' ^ 

fST 0113 find a PP Uati <* m the treatment of kidney and other infections 

L^rns ^TmtS^^ ^ ™ P^t, for example, 

M • ^^^Ll— 1 ^^ airisrio disclosed herein are presented for oral and parenteral 
25 ad^nmistranon m solid and liquid unit dosage forms, such as tablets, capsules ^xwdas 

P^nteral somtior/and sSspensions^ ^cSTMrSl 25 
suspensions, and oil-water emulsions. 

.„d mS*J5f pn ? >a ^ d J by «»«n«inmtog the 3-nucleotides to a suitably fine size 
and mixing with a similarly comminuted diluent. The diluent can be edible carbo- 

fatSSTiflt as a T Aot l3aOSt -- « sweetening aS»t orlS 30 

B present as weU as a flavoring material. Dry granulations for reconstitution wfch 

I^SSirKr 1 uaU ^irS^ nbIe dauenB - A Powder mixture of a findy dWded 
3HBa*oade and a waier-sohible diluent such as sucrose or glucose, is wetted wfc£ a 

35 ^TJ 1 l,!l aCaaa n mUC ^ e !' ^ sohHion *>« forced 'through a JcWtofom 
35 granules which are allowed to dry. Advantageously, a thickening « susnendine aeent as 
such as methylceUulose is present as well as a weuiig agen^d flavoSJl ^ ^ 35 
J^psuks are produced by preparing a powder mixture as hereinbefore described 

40 2*?£ILJ iS* M 8W»um stearate and calcium stearate is added 

w to me powder mixture before the filling operation. 

lm . J*?*? ** "w* by Preparing a powder mixture, wet granulating or dry eranu- 
wpwpared by mixing the 3-nudeoode sukably cwnminuted, with a diluent or 

SSfafl 7* 8 ^ ^ OL™™ ^ Stlatin swunon.^^ceZlo* 45 

^ IfT^ and forCm . 8 8 ^ » altem^vTgranXmg 

procedure, the powder mixture am be slugged, ix., run through the obletniacW 

^^ESSyJjJf tabl «i sl '») broken into grannies. Th^amdes am bTmbrf! 
csted » prevent sticking to die rablet-fanmne dies by means of the add!*™ ZiJ»ZS~ 

mm nbleo. Adyimtageously, the tablet can be provided with a im)tectiVcoSc»n- 
Sa^" ^ memyEenmo^ S^pS* 

55 ««* ^SlLJI^i 0 * P"^. m 111111 dosa 8 e forms such as syrups and elixirs wherein 

tofamSSul 0 ' C0I " I,OS,aOn COna,nS 8 P^^^ ~ of th7f-nu5S 55 

s*r^^ I ^^ i ^i% 3 ^^» aqueous 

For parenteral administration, sterile fluid unit dosagefa^em bl n^S' i„ 
preparing the parenteral form, a measured amount ofto 3^«^ k P £S^ to 
^tte vid and its.contents st.eriW sJ^Tj^J^^ "JT^l 
water can be oonvemently provided as a vehide to form a s^ioT Vsotoon 



60 
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(depending on water-solubility of compound) prior to admimstration. Adnfl^ 
the scerile wtfter can have dissolved therein a suspending agent, local anesthetic, ana 

^^r^tivdy, a parenteral suspension having prolonged *<*™J™*f™J^ 5 
by suspending the 3-nudeotide in a parenteraily acceptable vegetable ml with or without 5 
additional adjuvants. .... , . . c ^ 

The term "unit dosage form" as used in the specification and claims refers to 
physically discrete units suitable as unitary dosages for human subjects, J5*J£Z 
containing a predetermined quantity of active material calculated to the Reared dosage 
in association with the required pharmaceutical diluent, earner, or vehicle, such as e^. iu 
a tablet, vial or ampoule. The spedncations for the novd unit dosage ^^ofthis 
invention are dictated by and are directly dependent on (a) the umtjuecriamc^cs 
of the active material and the particular therapeutic effect to be achieved, and (o) tne 
limitations inherent in the an of compounding such an active material for therapeuuc 
use as disclosed in detail in this specification, these being features of the present inven- 15 
tion. Examples of suitable unit dosage forms in accord with this invention arc tablets, 
capsules, powder packets, granules, wafers, ampuls, vials, segregated multmles of any 
ofthe foregoing, and other forms as herein described. The unit dosage ^com- 
pounded with a suitable pharmaceutical earner contain, in the preferred embodiments, 
from 25 mg. to 500 mg. of 3-nucfcoride or its pharmacologically acceptable salts per 20 
dosage unit and 5 to 65% w/v for parenteral preparations. 

The amount of 3-nudeotide or salts thereof that is to be administered depends 
on the age and weight of the patient, the particular condition to be treated, an d the 
route of administration. A dose of from 1 mg./kg./day to 50 mg./kg./day is preferred 
for systemic treatment. . , 25 

Thus according to the invention there is provided a therapeutic composition com- 
prising from 5% to 82% by weight of a compound of the general formula : 



10 



15 



20 




wherein R,, Z, X and Y are as defined above or a pharmacologically acceptable salt 
*0 thereof as an essential active ingredient in combination with a pharmaceutical vehicle. 30 
The following Examples are illustrative of the process and products of the present 
invention, but are not to be construed as limiting. All percentages are by weight and 
all solvent mixture proportions are by volume unless otherwise noted. 

Example 1 

35 Ch*ndamycin-3-Nucleotides 35 

A A^a'snxSTof Streptomyces coelicdor Mulkr, NRRL 3532, is used to inoculate 
a series of 500-ml. Erlenmeyer flasks, each containing 100 ml. of sterile seed medium 
consisting of the following ingredients : 

40 Glucose monohydrate 25 g./liter 40 

Pharmamedia* 25 g./liter 

Tap water qs. Balance 
♦Pharmamedia is an industrial grade of cotton- 
seed flour produced by Trader's Oil Mill 

45 Company, Fort Worth, T« 



The shake flasks are grown for 3 days at 28°C on a rotary shaker. 

Seed inoculum (5 ml), prepared as described above, is used to inoculate each of 
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a series of 500-ml. Exlenmeyer flasks each containing 100 ml. of sterile fermentation 
medium consisting of the following ingredients : 

Yeast Extract 2.5 g./liter 

NZ amine B* 5.0 g./liter 

5 Glucose monohydrate 20 g./liter 5 

Sodium nitrate 3 g./lher 

Dipozassium phosphate 1 g./liter 

Magnesium sulphate 0.5 g./liter 

Potassium chloride 0.5 g./b'ter 

10 Ferrous sulphate O.Olg./liter io 

Tap water Balance 

♦Sold by Difco Laboratories, Detroit, Michi- 
gan. It is a bulk peptone in powder form 

obtained by the pancreatic digestion of casein. 

15 100 mg/liter clindamycin hydrochloride is added to the fermentation flask broth 15 

24 hours after inoculation. 

The fermentation flasks are grown for 24 hours at 28°C on a rotary shaker. The 
transformation reaction in the fermentation flask is followed by measuring the loss of 
clindamycin activity using an 5. lutea standard curve assay. Approximately 100% 

20 of the added clindamycin is transformed to an in vitro annbacterially inactive form in 20 
about 24 hours. The S. lutea assay is conducted as follows: The assay is on agar 
buffered to pH 6 — 8 with pH 7.0 phosphate buffer (0.1 M). A unit volume (0.08 ml) 
of solution containing the material to be assayed is placed on a 12.7 mm. assay disc 
which is then placed on an agar plate seeded with the assay microorganism. The tray 

25 is incubated at 37°C for 18- — 24 hours. In vitro antibacterial activity is evidenced 25 
by a zone of growth i n h ib i t io n surrounding the disc Antibacterial activity nim be 
expressed quantitatively as meg. parent compound (or as lincomycin or clindamycin)/ 
ml by me Unear relation of log dose m zone diameter, referred to the standard, 
according to the art. Presence of cu^amycm-3-nudeotides is detennined by first 

30 incubating the inactive beer with alkaline phosphatase at pH 8.0 in Tris buffer, and «n 
then assaying the reaction mixture against S. lutea, as described above. 
S, Recovery' 

j) Filtration and Absorption on Non-Ionic Resin 

The above fermentation is scaled up into a fermentation rank to produce 490 liters 
35 of fermentation beer containing cyndarnycm-3-nudeotides. The clmdamycin-3-nudeo- 35 
tides are recovered from che whole beer by first filtering the whole beer with the 
aid of 10 Kg. totomaceous filter aid. The filler cake is washed with water. The 
aqueous wash is combined with the clear beer and the combined dear beer-wash is 
treated with an adsorbent, for example carbon or Amberiite AXD — 2 (sold by Rohm 
40 and Haas Company^ in order to remove water-soluble impurities which tend to reduce 40 
the efficiency of subsequent chromatography. The absorption column is prepared by 
slurrying about 22 Kg. of adsorbent (Ainberhte—Regrstered Trade Mark— XAD— 2) 
in water, pouring the slurry into a glass column (2" inside diameter), allowing the slurry 
to settle under atmospheric pressure, and draining. The dear beer-wash, described 
45 above, re passed through the column at a flow rate of about 1 liter per minute. The 45 
column is washed with water; 100 liters of the water wash is discarded. The column is 
then eluced with 120 hoars of 60% aqueous methanol (Eraate I) and 100 liters of 
95% aqueous methanol (Ehiate II). Eluste I is treated further to recover cundamyem- 
3-nudeotides, whereas Einate II is discarded. 
50 2) Absorption on Ion Exchange Resin cq 

Huate I, described above, is enrornatographed over an anion exchange chromato- 
graphic column. The column is filled with 22 Kg. M Dowex"-l Registered Trade Mark 
— <X— *) in the acetate form, supplied by Dow Chemical Company, MicHand, Michi- 
gan. Einate I is adjusted to a pH of 10.0 with concentrated ammonium hydroxide and 
55 the alkaline solution is passed through the chromatography column. The spent liquid 55 
from the column is concentrated to dryness; yield, 877 grams of material containing 
clindmycm-3-nucleotides. Tms material is labeled "Material A". The column £ 
then washed with 100 liters of water and eluted with 70 liters of 5% aqueous acetic 
add. The acetic add duates are concentrated and the resulting concentrate is freeze- 

^t\VJ^M 9A • g T m 2? rf matcrial containing dindamyrin-3-nudeotides. This material 60 
is labeled Material B . 



60 
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C. Purification 

1) Absorption on Non-Ionic Resin . - _ . . . 
A major portion (776 g.) of "Material A", obtained as described above, is dissolved 

in u liters of water. The pH of the solution is adjusted to 7 J with concentrated 

5 ammonium hydroxide and this solution is passed over a column containing 2 liters of 
"Ambcriite- (Registered Trade Mark) XAD — 2 resin. The column is washed with 6 
liters of water. The aqueous wash is collected in three 2-liter fractions (W— 1, W— 2, 

W 31 The column is then eluted with 90% aqueous methanol. Fractions of 20 ml. are 

collected and tested for activity against S. lutea before and after treatment with alkaline 

10 phosphatase. Fractions numbered 61—250 are combined and concentrated to dryness; 
yield, 52 g. of material containing dincUmydn-3-nudeorides. This material is labeled 
"ADA — 10.1*Y , . L . , ^ 

Fractions W-^2 and W— 3, described above, and f racoons numbered 1 — 60 
from the above Araberiite XAD— 2 column, are combined and passed again over 

15 the same "Amberlite " (Registered Trade Mark) XAD— 2 column, which is first 15 
regenerated with 15 liters of water (W— 1 obtained as described above) and then eluted 
with 5 liters of absolute methanol. Three cuts are made, Le. methanol fraction 1=1 
Kter; methanol fraction 2=1 liter; and, methanol fraction 3=3 liters. These fractions 
are tested for activity against 5. lutea before and after treatment with alkaline phos- 

20 phatase. Methanol fraction 2 is concentrated to dryness; yield, 12.63 g. of material 20 
containing dmdamycin-3-nucleotides. This preparation is labeled "ADA — 11.1" 

Methanol fraction 3 is concentrated to dryness; yield, 0.7 g. of material containing 
cundamydn-3-nuckotides. This preparation is labeled "ADA — 11 -2". 

Preparations ADA— 10.1, ADA^-11.1, and ADA — 11.2, all prepa red as described 

25 above, are combined as preparation ADA — 37.1 (64.7 g.). This preparation containing 25 
diridamycin-3-nucleotides is purified further by counter double current distribution 
as described below. 

2) Counter Double Current Distribution 

A portion (21 g.) of preparation ADA — 37.1, described above, is dissolved in 
30 100 mL of upper and 100 mi. of the lower phase of a solvent system consisting of 50 
n-butanol-water (1 : 1 v/v). The solution is added in the center tubes of an all-glass 
counter double current distribution apparatus (CDCD) (100 tubes). After 48 transfers, 
both the upper and lower phase are collected in 50 ml. fractions. A total of 100 transfers 
are run. The collected fractions and the material in the CDCD tubes are analyzed for 
35 . S. lutea activity before and after treatment with alkaline phosphatase. 55 

Using the same conditions as above, two additional CDCD distributions are run, 
each using 21 g. of preparation ADA— 37.1. 

In each of the above three distributions the following pools of fractions are 
made: 

40 Pool I Lower-phase collector — Fractions number 20—50. 40 

Pool II Lower and upper-phase remaining in the CDCD machine. 
Pool III Upper-phase collector— Fractions numbered 5 — 35. 
Pool I from all three distributions are concentrated to dryness. The resulting 
residue is dissolved in absolute methanol and this solution is mixed with ether. The 
45 resulting precipitate is isolated by fikration and dried; yield, 7.12 g. This preparation 45 
is not pursued further. 

Pools II and III from all three distributions are treated as above for Pool I; yield, 
13.6 g. of material from Pool II labeled "ADA — 392", and 0.49 g. of material from 
Pool III labeled "ADA — 39 J". Preparations ADA— 39.2 and ADA— 393 consist of 
50 essentially pure dmdamycin-^-nudeotides as evidenced by inactivity against 5. lutea 50 
before treatment wkh alkaline phosphatase, and activity against S, lutea after treatment 
with alkaline phosphatase. The presence of clindamycin after phosphatase treatment 
is shown by TLC (Thin-layer chromatography). 

D. Separation of Clindamycin-3-Nudeotidei by Chromatography 

55 The dindamycin-3-nudcoudes, obtained as described above, are separated into the 55 

individual clmdamycin-3-nucleotides by use of DEAE — "Scphadex" (Registered Trade 
Mark) Chromatography. The resin is prepared by slurrying 500 g. of DEAE — "Sepha- 
dex" (A— 25) with water for about one hour. The resin is separated by filtration and 
stirred with 0.5 N aqueous sodium hydroxide solution for 2 hours. The resin is again 

60 isolated by filtration and washed with water until the pH of the wash is almost neutral. 60 
The washed resin is then stirred with 0.5 N aqueous acetic acid for 2 hours, and finally 
washed to a neutral pH. 

The resin, prepared as described above, is added into a glass column and allowed 
to settle under atmospheric pressure. The column is washed wkh 4 I. of water and 
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then with 4 1. of 0.1% aqueous solution of tris^yorozymetbyl)-aminoinethane 
(THAM). 

The starring material (ADA — 39.2, 13.0 g.) is dissolved in 100 ml. of water. The 
pH is adjusted to 9.0 with concentrated ammonium hydroxide. This solution is then 
5 added on the top of the column. The column is e luted sequentially as follows : 

1) 15 L of 0.05 M THAM acetate (prepared by dissolving 6.05 g. of THAM in 
800 mL of water, adjusting the pH to 8.0 with glacial acetic acid and men 
adjusting the volume to 1 L). 



2) 40 L of 0.1 M THAM acetate buffer, pH 8.0. 

3>r-- --------- - - ---- 



10 3) 20 1. of 02 M THAM acetate buffer, pH 8.0. 10 

4) 20 1. of 0.3 M THAM acetate buffer, pH 8.0. 
Fractions of 20 mL are collected. The following fractions arc obtained from each 
buffer. 

From 0.05 M buffer, fractions 1—722 
15 From 0.1 M buffer, fractions 723 — 2920 15 

From 0.2 M buffer, fractions 2921 — 3985 
From 0.3 M buffer, fractions 2985—5000 
Selected fractions ore analyzed by testing for activity against S. liUea before and 
after alkaline phosphatase treatment and by U.V. spectra of the effluent of the column 
20 both as it is obtained and at acid pH {ecu 2.0). 20 
The following pools are made : 
Pool I 

Fractions: 850— 965 
Volume: «l 2300 ml. 

25 A max. (a) 95 

U.V.: neutral, pH 7.0 270(3.72) 
acid, pH 2.0 279(5.40) 
base, pH 11.0 271(3.72) 
PoolII V 9 

30 Fractions: 1240—1535 

Volume: ca. 5200 ml. 



30 

U.V.: neutral, pH 7.0 261(11.4)^ 
add, pH 2.0 255(11.25) 
35 base, pH 11.0 258(11.25) 35 

Pool HI 

Fractions: 1550—1680 
Volume: 2600 mL 

A max. (a) 

40 U.V.: neutral, pH 7.0 262(3.60) 40 



Pool IV 

Fractions: 1771—2125 
45 Volume: 7000 mL 



acid, pH 2.0 262(3.64) 
base, pH 11.0 261(2.82) 



45 



A max. (a) 

U.V.: neutral, pH 7.0 254(3.74): sh 278 

E* Pg 254(3.66): sh 278 

base, pH 11.0 264(320) 

50 (a) Isolation of CUiidamycin^^'-Cyiidylate) present in Pool 1 50 

by Chromatography 

The column is prepared from 150 ml. of "Aroberiite"— Registered Trade Mark 
^P^h *°° ! J' Prepa"* 1 88 described above, is passed over the column at a rate 
of 6 mL/mm. The spent liquor is collected in 116 twenty ml. fractions. All fractions 
55 show no U.V. maximum and are discarded. The column is then washed with 900 mL 
rf J ?I ??J fracDOns U7— 161) The wash is also discarded. The column is then duted 
with 80% aqueous methanoL Fractions are analyzed by U.V. Results follow 



55 
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10 



15 



20 



Fraction No. 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 



A max. (a) 

No U.V. maximum 

No U.V. maximum 

No U.V. maximum 

No U.V. maximum 

No U.V. maximum 

271 (9.9) 

271 (161.8) 

271 (168.0) 

271 (61.6) 

271 (19,4) 

271 (3.6) 

271 (1.0) 

271 (03) 

271 (0.15) 



Fractions 167—172 arc combined. The solution is evaporated to an aqueous 
concentrate and frecze-dried; Weld, 750 mg. of clfadamycin-3-(5' cyridyiate). 

Five hundred mg. of this preparation is dissolved in 5 ml. of methanol and the 
solution is mixed with ether; yield, 400 mg. of dfodamydn-3-(5'-cytidylate), having 
the following structure : 



10 



15 



20 




2- 



X) 



t1H 

Off (W 



30 



35 



Analytical data 

CalcdtoC^H^O^PSa: 

C, 44.48; H, 6.17; N, 9.60; 0, 26.39; S, 439; a, 4.87; P, 4.25. 

Found: C, 45.62; 45.86; H, 6.99; 7.63; N, 9.80; S, 3.61; CI, 3.90; .4.04; P, 3.44. 
Molecular weight 

Calcd. for G*rH 4S K.O, 9 FSa : 729.5 

Found: 742 (vapor pressure osmometry, in methanol). 
Potenthmetric titration 

In water: pKa' 7.7 
eq. wt. 587 

Specific Rotation: («]»**,+ 61° (c, 1, water) ^ . ti . vtl 

Infrared Spectrum: The infrared spectra in both mineral oil mull and KBr pellet 
are as follows: 



30 



35 
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In Mineral Oil Mull 






Band 
Frequency 
(on" 1 ) 


Intensity 


Band 
Frequency 
(cm- 1 ) 


- 

Intensity 


Band 
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(cm-*) 


Intensity 
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S 


886 


S 


2730 (sh) 
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M 
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S 
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S 


787 


S 


1610 (sh) 


s 


1070 


s 


720 (oil) 


s 


1520 


s 


1050 


s 










In KBr Pellet 






Band 
frequency 
(cm" 1 ) 


Intensity 


Band 
Frequency 
(cm-*) 


Intensity 
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s 
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Band intensities in the I JR. spectra, disclosed herein, are indicated as M S", "M , 
and "W" respectively, and are approximated in terms of the backgrounds in the 
vicinity of the bands. An M S" band is of the same order of intensity as the strongest 
in the spectrum; M M" bands are between one-third and two-thirds as intense as the 
5 strongest band, and "W bands are less than one-third as intense as the strongest band 
These estimates are made on the basis of a percent transmission scale. The designation 
"(sh)" refers to a "shoulder". 
U.V. Spectrum: In water at the following prTs: 

A max. a « 

10 pH 2.0 279 13.16 9,600 

pH 7.0 269 9.37 6,835 

pH 11-0 271 9.10 6,638 

Reactions with Enzymes 

Crude Alkaline Phosphatase 
15 Treatment with alkaline phosphatase yields clindamycin idennfied by thin-layer 

chromatography (silica gel, ethyl acetate-acetone-water (8:5:1 v/v)). 
Venom Diesterase 

Treatment with venom diesterase yields clindamycin identified by thin-layer 
chromatography (as above). In addition to clindamyoin, cyndinc-5 '-phosphate is 
20 produced. 

(b) Isolation of aindamydn-3-<5 '-Adenylate) in Pool II 
by Chromatography 

The column is prepared from 400 ml. of "Amberlke" (Registered Trade Mark) 
XAD— 2. Pool II is passed over the column at a flow rate of 15 ml/mra. The column 
25 is washed with 4 I of water. Both spent and aqueous wash do not show U.V. maxima 
and are discarded. The column is eluted with 80% aqueous methanol. Fractions are 
analyzed by U.V. Results follow : 



10 



15 



20 



25 





Fraction No, 


A max. (a) 




5 


260 No maximum 


30 


10 


260 (0.18) 




12 


260 (0.46) 




14 


260 (0.47) 




15 


260 (230.0) 




16 


260 (632) 


35 


17 


260 (628) 




18 


260 (540) 




19 


260 (405) 




20 


260 (280) 




21 


260 (230) 


40 


22 


260 (135) 




23 


260 (80) 




24 


260 (55) 




25 


260 (31.5) 




26 


260 (26.4) 


45 


27 


260 (12.8) 




28 


260 (9.0) 




29 


260 (5 J) 




30 


260 (3.65) 




31 


260 (2.60) 


50 


32 


260 (2.0) 




33 


260 (1.55) 



30 



35 



40 



50 



Fractions 15—21 are combined. The solution is mixed with 1500 mL of acetone. The 
precipitated material is collected and dried; yield, 2.1 g. of clindamycin-3-(5 '-adenylate) 
having the following structure : 
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R^O^CHiCH, 



ft 



OH OH 

Oindamycm-^'-adenylatc) has the following chemical and physical properties: 
5 Analytical data a 
CalaLfbr: CsJl^^nPSa: 

Q 44.63; H, 6.05; N, 13.07; S, 428; a, 4.72; P, 4.11. 
Found: C 44.77; H, 6.66; N, 1*57; S, 4.65; CI, 4.38; P, 3.52. 
Molecular weight 

10 Cafcd. for: CJ^rCPSQ: 753.5 10 

Found : 726 (vapor pressure osmometry, in methanol) 
Potentwmetric titration 
In water: pKa'7.6 

Eq. wt. 620 

15 Specific rotation: 4-62.9° (c, 1.04, water) 15 

Infrared spectrum: The infrared spectra in both mineral oil mull and KBr pellet 
are as follows: *^ 
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In Mineral Oil Mull 
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In KBr Pellet 
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U. V. Spectrum: In water at the following pH's ; 

A max, a e 
pH2.0 257 16.76 12,628 

pH 7.0 261 16.67 12,560 

pH 11.0 261 16.87 12,711 

Reactions with Enzymes 

Crude Alkaline Phospliatasc 

Treatment with alkaline phosphatase yields clindamycin identified by thin-layer 
chromatography (silica gel, ethyl acfltate-acetone-water (8:5:1 v/v)). 
Venom Diesterase 

Treatment with venom diesterase yields clindamycin and adenosme-5 '-phosphate. 
In Vioo Activity 

C^ndamydn-3-(5'-adenyIate) does not posses in vitro antibacterial activity against 
S. lutca. However, it is active in vivo (mice, S.Q., S. aureus) with a CD* of 30 mg/kg. 

(c) Isolation of Ciindaniyrin-3-<5 '-Uridylate) present in Pool III 

The column is prepared from lWmlof^Lnberiite w (Registered Trade Marie) 
XAD — 2. Pool III is passed over die column at a rate of 10 mL/min. The column is 
washed with 1 1. of water. Both the spent and the aqueous wash do not show U.V. 
m a ximu m. The column is men eluted with 80% aqueous methanol. Fractions are 
analyzed by U.V. Results foHow: 



17 



10 



15 



20 



25 



30 



35 



Fraction No. 
2 
4 
5 
6 
7 
8 
9 
10 
11 



A max, (a) 
No maximum 
261 (0.25) 
261 (0.97) 
261 (107) 
261 (248) 
261 (75) 
261 (18) 
261 (2.5) 
261 (0.87) 



Fractions 6—9 are combined. The solution is concentrated to dryness. The residue 
is dissolved in methanol and this solution is mixed with ether to give a precipitate* 
yield, 740 mg. of dmdamydn-3^5'-uridylate) having die following structure: 

ft 



I 'COHH hi 




R,=CHjCHjCHj 



? 5* 

OH 



OH 




30 



35 



OH OH 
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aindamycm-3^5'-uridyiare) has the flowing chemical and physical propones: 
Analytical data 

^E^I^SElS; 0, 28-49; S, 4.39; CI, 4.86; P, 4.24. 
Found: Q ,4M2; H, ll9; N, 7.79; S, 4.04; O, 4.32; P, 4.22. 

Molecular weight 

CalccLte: QxH^N.CPSa: 732J 

Found: 764 (vapor pressure osmometry m methanol) 
Potentiometric titration 

In water: pKa', 7.6 

Eq. wt^ 576 
Specific Rotation 

W»"% +79.5° (c, 0.99, water) 

/n/n Tte 5 mta^ spectra in both mineral oil mull and KBr peuet are as follows : 

In Mineral CM Mull 
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In KBr Pellet 






Band 
Frequency 
(cm^) 


Intensity 


Band 
Frequency 
(cm- 1 ) 


Intensity 


Band 
Frequency 
(cm- 1 ) 


Intensity 


3410 


S 


1685 


S 


990 


M 


3260<sh) 


S 


1512 


M 


865 


M 


3100 


M 


1458 


M 


883 


M 


2960 


S 


1380 


M 


850 


M 


2920 


S 


1260 


S 


808 


M 


2865 


M 


1215 


S 


760 


M 


2800 


M 


1085 


s 


705 


M 


1700 (sh) 


S 


1060 


s 







BNSCCCID: <CB 1298»5A_L» 



19 



1,298,295 



19 



U.V, Spectrum: In water at the following pH*s : 



A max. 



a 



c 



5 



pH 2.0 261 
pH 7.0 262 
pH 11.0 262 



1U8 
11.44 
8.90 



8,189 
8379 
6.519 



Reaction with Enzymes 

Crude Alkaline Phosphatase 
Treatment with alkaline phosphatase yields clindamycin identified by thin-layer 
chrornamgraphy (silica gel, ethyl acetate-acetone- water (8:5:1 v/vVl 
Venom Diesterase 

Treatment with venom diesterase yields clindamycin and uri din e-5 '-phosphate 
In Vivo Activity r 

CUndamycm-3-(5'-nridyIare) does not possess amibacterial activity against Sarcina 
lutea m vitro. However, it is active m vivo (S.Q„ mice, S. aureus) with a CD* of 
37 mg/kg. 

(d) Isolation of CUndamycin-H5 / -guanyla£e) present in Pool IV 
fay Ch romatog ra ph y 

The column is prepared from 200 mi of Amberlite XAD — Z Poof IV is passed 
over the column at a rate of 20 rnL/min. The column is washed with 3 1. of water. 
Bom spent and aqueous wash show no U.V. maximum. The column is duted with 
80% aqueous methanol Fractions are analyzed by U.V. Results follow: 



Fraction No. 
2 



A max. (a) 
No maximum 



25 



4 
6 
7 
8 
9 
10 
11 
12 
13 
14 




C^shoulder) 



25 



30 



30 



35 



Fractions 7—10 are combined. This solution is 
precipitate; yield, 12 g. of dindainycin-3-(5'-g 
tore: 




35 
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OH 'OH 



Oindamydn-3-<5'-gaan>tec) has the following chemical and physical properties: 
Analytical Data 

5 Calcd. for: QJioNrCPSCl: _ _ . 

Q 43.71 H, 5.85; N, 12.74; O, 25.00; S, 4.16; CI, 4.61; P, 4.03. 
Found: C, 43.69; H, 6.34; N, 11.62; S, 3.63; CI, 4.15; P, 3.81. 
Molecular Weight _ 

Calcd.for: Cr-H^OwPSa: 769^ 
10 Found: 750 (vapor pressure osmometry in methanol) 

Potentiometric Titration 
In water: pKa',7.6 

Eq. wu, 721 
Specific Rotation 
15 [«]d m , +69° <c, 1.0, water) 

Infrared Spectrum' 

The infrared spectra in both mineral oil mull and KBr pellet ait as follows: 
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Band 
Frequency 
<«■*) 


Intensity 


In Mineral Oil Mull 

Band 
Frequency 
(an- 1 ) Intensity 


Band 
Frequency 
(cm-*) 


Intensity 


3350 


S 


1530 


S 


1050 (sh) 


S 


3220 


s 


1457 


S 


987 


M 


2920 (oil) 


s 


1409 


M 


963 


M 


2845(oil) 


s 


1375 (oil) 


S 


925 


M 


1684 


s 


1365 


S 


885 


S 


1675 


s 


1315 


M 


855 


M 


1635 


s 


1250 (sh) 


S 


795 


M 


1630 


s 


1215 


s 


780 


M 


1595 


s 


1080 (sh) 


s 


717 (oil) 


M 


1565 


s 


1065 


s 


680 


M 



In KBr PeOct 



Band 
Frequency 
(an -1 ) Intensity 



Frequency 

(cm-*) 



Intensity 



Band 
Frequency 
(cm** 1 ) Intensity 



3420 


S 


1570 


S 


1065 


S 


3240 (sh) 


S 


1530 


M 


1045 


S 


2950 


S 


1450 


M 


985 


M 


2920 


S 


1405 


M 


925 


M 


2865 


S 


1380 


M 


885 


M 


1685 


S 


1355 


M 


855 


M 


1635 


S 


1255 (sh) 


M 


800 


M 


1630 


S 


1210 . 


: S 


780 


M 


1595 


S 


1080 


S 







10 



A max. 


a 




256 


14.49 


11,150 


277 sh 


9.69 


7.456 


254 


16.18 


12,450 


273 sh 


1L21 


8,626 


259 


13.95 


10.734 


266 


13.78 


10,603 



pH 1.0 

pH 7.0 

pH 11.0 

Reaction with Enzymes 

Crude AStdxne phosphatase 

Treatment with alkaline phosphatase yields clindamycin identified by thin-layer 
chromatography (silica gel, ethyl acetate-acetone- water (8:5:1 v/v)). 
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Venom Diest erase . 

Treatment with venom diesterase yields clindamycin and guanosme-5 -phosphate. 
In Vivo Activity ^ . 

Qmdamyrin-3-{5 '-guanylate) does not possess antibacterial activity against Sarctna 
5 lutea in vitro, However, it is active in vivo (S.Q., mice, S. aureus) with a CD m of 5 
26 m^./kg. 

Example 2 

Upon substituting the microorganism Streptomyces venezuelae, URRL 3527, for 
the microorganism S. codicolor Midler, NRRL 3532, in Example 1, there arc obtained 
10 the cdmdamydn-3-nudcoddcs disclosed in Example 1. 10 

Example 3 

Upon substituting lmcomyrin for clindamycin in the fermentation medium of 
Example 1, there are obtained lincomyciii-3 -nucleotides wherein the nucleotide moieties 
are the same as disclosed in Example 1. 

15 Example 4 15 

Upon substituting 1 '-demethyi-dindamycin for clindamycin in die fermentation 
medium of Example 1, there are obtained r^emethyl-ctindamydn-3-nudeotides 
wherein the nucleotide moieties are the same as disclosed in Example 1. 

Example 5 

20 Upon substituting l'^cracthyi-4'^epropyl^'-pentyI^lindamycin for clindamycin 20 

in the fermentation medium of Example 1, there are obtained I'-demethyM'-depropyi- 
4'-penryI-dmdamycm-3-nudeoudes wherein the nucleotide moieties are the same as 
disclosed in Example 1. 

Example 6 

25 m Upon substituting 4 '-dcpropyj-4 '-ethyl lincomyrin for clindamycin in the fennen- 25 

tad on medium of Example 1, there are obtained 4 '-depropyi-4 '-ethyl lmoomycxn-3- 
nudcotides wherein the nudeotide moieties are die same as disclosed in Example 1. 

Example 7 

Upon substituting 1 '-demethyl-1 '-ethyl lincomydn for clindamycin in the fermen- 
30 tarion medium of Example 1, there are obtained 1 '-demethyl- 1 '-ethyl lincomycin-3- 30 
nucleotides wherein the nudeotide moieties are the same as disdosed in Example 1. 



. 8 

Upon substituting l'-demethyl lincoraycin for clindamycin in the fermentation 
medium in Example 1, there are obtained l'-demethyl bncoraycm-3-nucleotides wherein 
35 the nucleotide moieties are the same as disclosed in Example 1. 35 

Example 9 

Upon substituting cdesticctin for clindamycin in the fermentation m^inrm m 
Example 1, there are obtained ceIestioetin-3-nudeotides wherein the nucleotide moieties 
are the same as disclosed in Example 1. 
40 In the following examples, as above, the nudeotide moieties of the compounds 40 

of the examples are the same as disdosed in Example 1, ijc^ cytidylate, adenylate, 
uridyiaxc and guanylate. 

Example 10 
Ijncomych>3-Nucleoride-Aninionium Sak 
45 A lincomycin-3-nudeonde in die zwitterionic form is dissolved in a mmiwiwi 45 

amount of water and diluted with an equal amount of ethanol. The solution is cooled 
in an ice- water bath and then saturated with ammonia gas. The solution is taken to 
dryness at 30°C. under high vacuum. The residue is dissolved in a minimum amount 
of methanol and diluted with 5 volumes of ether to precipitate tiocomycm-3-nudeotidc 
50 as the ammonium sak. 50 

Example 11 
Aqueous Oral Drops 
A lincomydn-3-nudeotide 100 gm. 

Propyl paraben 0.25 gm. 

55 Methyl paraben 0.75 gm. 55 

Sorbicaod 1.0 gm. 

Sodium hydroxide, 4 N aqueous q a to pH 7.5 
Water, ddonized q js. 1000 mi 
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Example 12 
Syrup 

An aqueous oral preparation containing 400 mg. of a lincomycm-3-nuckotide in 
each five milliliters is prepared from the following ingredients : 

5 A lincomydD-3-nudeodde 800 gin. 

Methyl paraben, U.S.P. 7* gny 

Propyl paraben, U.S.P. 25 gm. 

Sortric acid 10 gm. 

Saccharin sodium 6.5 gm 

10 Glycerin 3000 ml. 

Tragacanth powder 100 gm. 

Orange oil flavor 10 gm. 

F J>. and C. orange dye JJS gm. 

Sodium hydroxide, 4 N aqueous q.s. pH 7.5 

15 Demnized water qj. 10,000 mL 

5 a l«>^y^3-mideoiide in Examples 11 and 12, there can be sub- 

sotuted a 7fS^loro-7Hto^ as well as the water soluble 

salts of a ^ 7(S><diloro-7^xylincomycm for example, (he alkali metal 

sails inctudmg the ammonium salt. 

The aqueous formulations of Examples 11 and 12 are particularly useful as 20 
pediatric preparations and can be admmistered orally in the same dosages as linco- 
myan. 

1 13 



50 



55 



^One thousand table* for oral use, each containing 500 mg. of a l'-danethvM'- 
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20 



25 (^ thousand twp-i>iece hard gelatin capsules for oral use, each annainmg 350 mg. o< 

of a l'^emyidmaanrycm-3.nuckc^de are prepared from the foflowmTrypes and 
amounts of materials: 

A l / ^eniemylclmdamycm.3-nuclootide 350 gm. 
Com starch 50 gm. 

Ji • 25 gm. 30 

Magnesium stearate 2 J gm. 



2? e 0116 tborpp S hl y mixcd and then encapsulated in (he usual manner 

Tnejoregoing capsules are useful for me systemic treatment of infection in adult 
numans by the oral administration of 1 capsule every 4 hours. 
35 _ r . U ^f *!* Procedure above, capsules are similarly prepared with a l'-demethyl- 35 
Sf^n^d^^ £ 5 %^3^ 500 i -Si by sm^stSni, 35 
u^a^e. l'-Kien^yidindamycm-3.niK^cfe for tiie 350 Gm. 

sample 14 



40 



Lactose 
Corn starch 

stearate 



500 gm. 45 
50 gm. 
65 gm. 
3 gm. 



liquid petrolatum 3 ^ 

l~ wL^^!^ ^ * or ? a eWy mixed and slugged. The slugs are broken down 50 
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Example 15 
Parenteral Preparation 
A sterile aqueous preparation for intramuscular use, containing in 1 ml. 300 rag. 
of a cde5ticctirh-3-nuckoudc is prepared from the following types and amounts of 
materials: 



24 



A celesricetin-3-nucieotide 

Benzyl alcohol 

Water for injection, qs. 



300 gm. 

9gm, 
1000 ml 



The sterile drug is dispensed in the sterile benzyl alcohol-water vehicle and filled 
into vials and the vials sealed. 

Example 16 
Animal Feed 

One thousand gm. of a feed mix is prepared from the following types and amounts 
of ingredients: 

A 4'-depropyi-4'-ethyl lincomycin 

3 -nucleotide 20 gm. 

Soybean meal 390 gm. 

Fish meal 400gm. 
Wheat germ oil 50 gm. 

Sorghum molasses 140 gm. 

The ingredients are mixed together and pressed into pellets. 

The composition can be fed to laboratory animals, i.e., rats, mice, guinea pigs, 
and rabbits for prophylaxis during shipping. 

For larger animals the composition can be added to the annual s regular feed m 
an amount cdculated to give the desired dose of active material. 

Example 17 
Parenteral Preparation 
A sterile aqueous preparation for intramuscular use, containing in 1 ml. 300 mg. 
of a lincomyon-3-nucleoride is prepared from the following types and amounts of 
materials: 



10 



15 



20 



A lincomydn-3 -nucleotide 

Benzyl alcohol 

Water for injection, q.s. 



300 gm. 
9 gm. 
1000 ml. 



The sterile drug is dispensed in the sterile benzyl alcohol- water vehicle and filled 
into vials and the vials sealed. 

Example 18 

7-Deoxy-7(S)-MedJoxylmcorrrycin Hydrochloride 
Part 18— A: Methyl N-aceryl-7^eoxy-7(S)-methoxy^Ktt^ 
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35 
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AC' Act/) 



BNSOCCIO: <G8 1 Z*2£K*_L» 



25 



1,298,295 



25 



A suspension of 2.35 gms. of niethyi 6,7-aziridino^deamino-7-deoxy-a-thio- 
iincosaminide (VI) was maintained with stirring in 25 ccs. of methanol. To the suspen- 
sion was then added 2.04 gms. of acetic anhydride. After stirring at room temperature 
for one hour the solvent was removed on a rotary evaporator at 40°C/7 mm. The 
resulting solids were then chromatographed on a 4.8 x 94 cm. column of silica gel using 
lMeOH: 10 CHd, as the solvent system. The weight of the silica was 750 gms. After 
a forerun of 1000 mi, 50 ml. fractions were collected. Fractions 31 — 85 were combined, 
and evaporated to dryness yielding 32 gms. of methyl N-acetyl-7(S>.niethoxy-7-deoxy- 
a-thiohncosaminidc (VII) as a colorless amorphous solid, having rhe molecular weight 
^mass spectrometry of 309, compared with the calculated molecular weight of 
309.38. 

The starting aziridum compound of formula VI can be obtained by dehydrohalo- 
genanon of methyl 7(S)KWoro-7-Kleoxy-a^olincosaminide (Belgian Patent 705,427) 
The dehydrohalogenation is effected with anhydrous sodium carbonate by heating; at 
r^^oimemylformamide (Belgian Patent 732^52, British Patent Si>edficationNo. 

Part 18— B: Methyl 7^eoxy-7(S>merhoxy^i^olmcosantimde (VIII) (Methyl 6,8- 
<h'deoxy-7-0-memyl-6-amm^ 

—aw 
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A solution of 32 gms. of methyl 7^eoxy-7(S)-methoxy^thiolincosaminidc (VII) 
m 25 gms. of hydrazine hydrate was heated under gentle reflux with stirring in an oil- 
bath at 145°C. overnight. The solvent was removed from the colorless solution as 
completely as possible by distillation from an oil-bath at 100°C/15 mm. and finally 
M kg** va cuum to give methyl 7^eoxy-7(S>niethoxy-^thioliiK»saminide as a color- 
less syrup. The syrup was chromatographed cm 750 gms. of safica gel in a 4.8 x 97 cm. 
column using 1 MeOH : 10 CHQ, as the solvent system. After 1.4 titer forerun, 50 mL 
fractions were collected. Fractions 281 — 600 were pooled and evaporated to dryness 
yidding 2.06 gms. methyl 7-deo^-7(S>methoxy^thioHnc»saTninicfe (VIII) which on 
crystallization from acetomtrHe yielded colorless needles having the following charac- 
teristics: 

m.p. 154— 155°C. 

[«]> +260° (c, 0.5634, H 2 0) 

And. Calcd. for CH^O.NS : 

C, 44.92; H, 7.92; N, 5.24; S, 12.00; OMe, 11.61 
Found: Q 45 JO; H, 7.96; N, 5.08; S, 12.19; OMe, 11.86 
MoL Wt calcd. : 26735 
Found (mass spec): 267 



Part 1&—C: 7-Deoxy-7(S)-methoxy]incomycin hydrochloride 




ft 



Pr— n-propyl 




HQ 
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To a suspension of 2.7 gms. of trans- 1 -mcth)d^propyl-L-2-pyrroUdinccaTboxyb*c 
acid hydrochloride in 90 ccs. acetonitrile was added with stirring 2.89 gms. of diethyl - 
amine. The stirring was continued until ail of the solid had dissolved; the reaction 
mixture was then cookd in an ice-methanol bath to -5°C, when a preapitate of 

5 trieth)1amine hydrochloride appeared. There was then added 1.78 gms. of isobutyl 
chloroformate dropwise keeping the temperature of the reaction at - 5° to ~~3°C 
Additional triethyiamine hydrochloride precipitated and stirring was continued at 
— 5°C for 20 minutes. To the resulting reaarion mixture was added 1.74 gms. of 
methyl 7-deox5'-7(S>metiioxy^thiolmcosaminidc (VIII), dissolved in 10 ccs. of water. 

10 As the solids dissolved, the temperature rose to about 0°C and stirring was continued 
for 2 hoars, without further icing the cooling bath. The solvent was then removed on 
a rotary evaporator at 40°C/15 mm. to a brown viscous residue. This was dissolved 
in dilute hydrochloric add and the solution (pH 2) extracted twice with chloroform and 
the combined extracts washed once with water. The aqueous phase containing the wash 

15 water was adjusted to pH 1 1 with sodium hydroxide (50% aqueous solution), saturated 
with sodium chloride and extracted 3 times with chloroform. The combined chloroform 
extracts were dried over anhydrous sodium sulfate and taken to dryness yielding 1.76 
gms. of a tan amorphous solid. The tan amorphous solid was chromatograpbed on 
750 gms. of silica gd in a 4.8x94 cm. column using 1 MeOH:15 CHC1, as the 

20 solvent system. After 13 liters of forerun, 50 ml. fractions were collected. Fractions 60 
to 80 were pooled and taken to dryness yielding 7-deoxy-7(S>methoxyuncomycin free 
base as an almost colorless syrup. This free base was taken up in dilute aqueous HQ 
and die resulting solution filtered and freeze-dried yielding 801.4 mg. of 7-deoxy-7(S)- 
methoxylincomycin hydrochloride as a colorless amorphous solid having the following 

25 characteristics: 

[a] B +117° (c, 0.9626, H,0) 
And. Calcd. for C ir H rs (XN I S.HCl : 

C, 49.93; H, 8.16; N, 6.13; S, 7.02 
Found (corrected for 4.14% H 2 0) 
30 Q 49.44; H, 7.99; N, 6.20; S, 6.48 

MoL Wt. Calcd. for anhydrous free base: 420.57 
Found (Mass spec): 420 

The 7^eoxy-7(S>methoxyiincomycin thus produced can be subjected to the 
processes of the present invention to yield the corresponding novel 3-nudeotides of 
35 this invention. 

Starting materials for the present invention may be prepared as follows : — 

Preparation 1A 

Alternative Method for Producing Methyl 7-Deoxy-7(S)-Methoxy^Thiolincosaminide 
(VIII) Methyl N-acetyl-6J-ariridmo-6^deaminc-7-deoxy-2,3,4-tri-0^cetyl-a- 



To a solution of 2.0 ems. of methyl 6,7-aziridino-6-deanuno-7-deoxy-a thiolincos- 
aminide (VT) in 20 ccs. of pyridine was added with stirring 10 ccs. of acetic anhydride 
and the reaction mixture left overnight at room temperature. The volatile material was 
removed as completely as possible from the reaction mixture on a rotary evaporator 
at 40°C/7 mm, finally at high vacuum, to a colorless solid. The resulting solid was 
dissolved in chloroform, stirred with aqueous cadmium chloride to remove the pyridine, 
filtered and the chloroform layer washed twice wkh water, and dried over anhydrous 
sodium sulfate. On removal of the solvent on the rotary evaporator at 40°C/7 mm. 
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methyl N - acetyl - 6,7 - aziridino - 6 - deamino - 7 - deoxy - 2,3,4 - tri - O - acetyl- 
ff -tfaiolin cDsaminide (X) was obtained as a colorless crystalline solid, weight 3.1 cms. 
Recrystallizanon from ethyl acetate-Skellysolve B (technical bexane) gave colorless 
prismatic needles having the following characteristics : 

m.p. 1733— 175°C 

Wd +222° (c, 0.912, CHd,) 

And. Cakd. for QxHwO^NS : 

C, 50.61; H, 6.25; N, 3.47; S, 7.95 
Found: Q 50.43; H, 6.33; N, 3.41; S, 8.31 
MoL Wt-calcd: 403.45 
Found (Mass spec): 403 

Preparation 1 

Methyl N-acetyl^23,4~tri-0-acetyl-7-a>ox7-7(S)-rncthoxy^ 
thiolkcosarjunide (XI) 
A mixture of 5 gms. of methyl N-aceryi-2,3,4-0 iriacetyi-e^-aziridirjc-e-aeamino- 
7-dcoxy-« thiolincosanwiide (X), 50 ccs. methanol, and 5 ccs. glacial acetic acid was 
heated under gentle reflux m an oil bath at 130°C for six hours. The solvent was 
removed from the colorless solution at 40°C/7 mm. on a rotary evaporator yielding a 
pale yellow syrup which crystallized. The crystals were taken up in methylene chloride 
solunon, washed wKb saturated aqueous sodium bicarbonate, then with water and then 
onedoyer Removal of the solvent as above gave methyl 

N«ac^-23,4^-a XI) as colorless 

m.p. 235— 236°G 

[«], +205° (c, 0.9952, CHQi) 

/bud. Cakd. for QpH„OoNS : 

n a £ ?J& S> Hi 5 5' 32Z '> S > 736 > 0M * 7.13 

fi^^ik 4 * 1 3655 s ' 7S0 > OM * 738 

Found (Mass spec): 435 

On hydrazinolysis by the procedure of Part 18— B there is obtained methvi 
7^ieoxy-7(S)-metboxynr-to (VIII). meuiyi 

... . _ _ Preparation 2A 
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ACHH- 



QAC 



-OMe 



(VTI)in 100 ccs. of pyridine there was added 50 ccs. of acetic anhydride wiuTstuxm* 
r^l^^^l^ 5 °vemi8bt at room tcmrxr^url The S 
SS^W^^J^ 01 OT 8 J" 8 * ^Po«w at 40°C/7 mm 

E^**^^ ^Ived in chloroform and washed 
faSl^SEE? q ^^ S ^, Um ^ Cait0nale - ^ was washed with ditoro- 
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The precipitate was filtered off and washed well with Alorofonn and tte cWoro- 
fonn layeV separated, washed twice with water and ^ ^^^f^ 
sulfate. On removal of the solvent on a rotary evaporator at 40°C/ * ■ paJe 
vellow syrup which crystallized on standing was obtained. On ™*^™ u ™1™ 5 
H ethyl aS-Skell>^solve B, the product was obtained as small colorless, flattened 5 
needles, and had the following characteristics: 

m.p. 245-447°C ^ t 
[4d +202° (c, 0.7142, CHQa) 

^.CalcdforCH^O^S: lQ 
10 Q 49.64; H, 6.71; N, 322; S, 736; OMe, 7.13 1U 

10 Found: Q 49.24; H, 6.75; N. 3.34; S, 7.52; OMe, 7.17 

MoJ.Wtcalcd.: 435.49 

Found (Mass spec): 435 

The above material bv Craig countcrcurreni distribution using as a solvent system 
1 EtOH:lH,0:l EtOAc:l cyclohexane was shown to contain 70 1/. of methyl N- 
acetvl-2,3,4-tri-C^acet^-7^eo^ (XI) and 30^ ol 

rSvl N-a^ , P U h 

Ate 500 trSs, Actions from tubes 225-310 were pooled (R value 1.14) and 
evaporated to dryness and on recrystaliization from ethyl acetare-SkcUysolve B gave 

fine colorless needles, identical with the product of Preparation 1 — B. 

VmEm M&oo tubes 115-220 (K value 0.59) were pooled and evaporated to 
dryness and on recrysiallizarion from ethyl acetatc-Skellysolve B gave methyl N-aceryl- 
2,3-^CMK^-7^xy-7(S>metto^ (XII) as colorless chunky ^ 

25 needles having the following characteristics : 

m.p. 189— 190°C. 

[«) D +275° (c, 1.0188), CHC1 3 ) 

^«if.Calcd.forC lt H =T O k NS: 

, C, 48.84; H, 6.92; N, 3.56; S, 8.15; OMe, 7.89 
30 Found: C, 48.71; H, 7.11; N, 3.93; S, 7.96; OMe, 7.98 M 

Mol. Wtcalcd.: 393.46 
Found (Mass spec): 393 

Preparation 2B 

Acetyladon of methyl N-acetyi 23-di-0-acetyl-7-deoxy-7(S>- g 
m inethoxv-^hic^ncosaminide (XII) 

To a solution of 200 mg. of methyl N^cety!-23-di-0-acetyl-7-deoxy-7(S>- 
methoxy-<r4Wolmcosaminide (XII) in 20 ccs. of pyridine was added 10 cos. of aceac 
anhydride with stirring and the reaction mixture left at room temperature overnignt. 
The solvent was removed from the colorless reaction solution on a rotanng evaporator 
40 at 40°C7 mm. finally at 40°C/high vacuum. The syrupy residue was dissolved in 40 
chloroform, washed with dilute aqueous HQ (1/2 normal), twice with water, with 
saturated sodium bicarbonate solution and twice with water, and dried over arfrydrous 
sodium sulfate. The solvent was then removed on a rotating evaporator at 40°C/7 mm. 
yielding methyl H*cetyi-2^,4-tri-CM^ 
45 (XI) as a colorless syrup which crystallized on standing. ** 
On hydrazinolysis of the products of Preparauon 2A and 2B, there is obtained 
methyl 7^xy-7(S>^ethoxy^thiolincosaminiae (VIII). 
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Preparation 3A 
Methyl N-acetyl 6,7-aziridino-6-dcamino-7-deoxy- 
ct-thiolincosaminide (XIII) 




10 



15 



20 



25 



30 



7777 

To a suspension of 2.3 gms. of methyl 6,7-aziridino-6-dcamiiio-7-dcoxy-^r-thio-- 
Uncosaminide (VI) in 25 ccs. isopropyi alcohol, there was added with stirring 2.04 gms. 
acetic anhydride. Most of the solid appeared to go onto solution to be replaced by new 
solid. The reaction mixture was stirred overnight at room temperature, then filtered and 
the residue washed with isopropyi alcohol and dried in a vacuum oven at 60°C/15 mm. 
There was obtained 22$ gms. of methyl N-acetyl-6,7-a^dino-6-deamino-7-deoxy-a- 
tMolmcosamioide as colorless platelets having the following properties : 

m.p. 145°C 

[«]» +253° (c, 0.7916, H a O) 
And. Calcd. for C ai H in O s NS : 

C, 47.63; H, 6.91; N, 5.05; S, 11.56 
Found: C, 47.57; H, 6.71; N, 5.23; S, 11.29 
MoLWccakd.: 27734 
Found (Mass spec): 277 

Preparation 3 — B 
Methyl N-acrfy!-7-deoxy-7(S)-nxdi»2^^ (VII) 
On treating methyl N-acetyl 6,7-aziridmo-6-deamiD^7-deoxy^tinofo 
(XIII) with methanol and acetic arid under reflux, there is obtained methyl N-acetyl* 
7-deoxy^7(S>methoxy^miolincosamini (VII) identical with the product of Part 
18—i A. 

Preparation 4— A 
7-Deoxy-7(S>Ethoxylincomycin Hydrochloride 
Methyl N-aceryl-7-deoxy-7(S>ethory^thioUr^ (XIV) 
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On treating the methyl N-acctyi^7-a2^dimv6-deamino-7^eoxy^thioIincos- 
aminide (XIII) with ethanol and acetic acid under gende reflux, there is obtained 
mediyi-N-acetyi-7-deoxy-7^ (XIV) as a syrup having 

the molecular weight by mass spec of 323 compared with the calculated molecular 
weigit of 323.41. 
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Preparation 4— B 
Methyl N-ac«yl-2A4-tri-0-a^ 

Methyl N-ac^7^eoxy-7(S)H^xy-2,^ (XVI) 




OAC 



m 



On treating the methyl N^eiyl-7^eox>'-7(S)-ethoxy^thiotocosaniinide (XIV) 
wkh acetic anhydride and pyridine by the process of Preparation 2A there « obtamed 
meSiyi N-ace^2,3,4-tri^ 

together with a minor amount of N-acety^23^-0-aceryl-7^eo^ 
Uncosaniinide (XVI). The products (isolated on a Craig in 500 transfers using etnanol: 
water: ethyl acetate rcyclohexane (1:1:1:1) as the solvent system) arc characterized 
as follows: 

Mixture: m.p. 197— 199°C 

[a]„ +247° (c, 0.665, CHCL.) 

scaled for C, B H„ONS: ^ %fyM 

C, 50.76; H, 6\95; N, 3.12; S, 7.13; OBc, 10.02 

Found: C 50.42; H, 7.07; N, 3.18; S, 7.37; OEt, 11.85 
Pure XV (K= 1.59): m.p. 254— 255°C 

[a]* +199° (c, 0.8638, CHC1 8 3 

^mi/.Calcd. for C^ft.O^S: 

C 50.76; H, 6.95; N, 3.12; S, 7.13; OEt, 10,02 

Found: Q 50.75; H, 7.06; N, 3.37; S, 731; OEt, 10.25 

MoLWt. calcd.: 449.52 

Found (Mass spec): 449 
Pure XVI (K=0.87): m.p. 215 J— 216.5°C 

Ma+261 0 (c, 1.0448, CHd.) 

Anal. Calcd. for CANONS 

C, 50.11; H, 7.17; N, 3.44; S, 7.78 

Found: C, 50.17; H, 730; N, 3 JO; S, 7.62 

MoLWl calcd.: 407.48 

Found (Mass spec): 407 

Preparation 4— C 
Methyl 7-dcoxy-7(S)^moxy^-thiolincosaminide (XVII) 
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On subjecting the products of Preparation 4B, that is the mixture, the pure XV 
or die pure XVI to hydrazinolysis, mere is obtained methyl 7-deoxy-7(S)-ethoxy-<r- 
thiolincosaminide (XVII) having the following characteristics : 
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m.p. 194— 196°C 

Wd +252° (c, 0.7438, H s O) 

AnaL Calcd for C.H^OoNH : 

C, 46.95; H, 8.24; N, 4.98; S, 11.40 
Found; C, 46.66; H, 8.09; N, 526; S, 11.33 
MoLWt calcd.: 281.37 
Found (Mass spec.): 281 

Preparation 4— D 
7-Deoxy-7(S>ctho^bncoinydn hydrohdoride (XVIII) 
Afe 



Me = methyl 
Et =ethyl 
Pr = propyl 




10 



•HCt 



xviu 



. ?? U ?Si^ dj P P™ 0 " 1 ™ of Part 18— C, methyl 7-deoxy-7(SVethoxy-«-thiolincos- 

sis^ssr 1 w 7 " deoxy - 7(S) ' e * o,yUna)mydn hydrocworide ^ 

m*p. colorless amorphous solid 
{a] D +109° (c, 0.9824, H 2 0) 

Calcd. for C- 0 H, ¥ O.N :t S.HCl: 

Found (corrected for 5.07% water) 

C, 50.54; H, 8.19; N, 5.63; d, 7.61; S, 6.95; OEi, 10.16 
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Preparation 5 A 

2 U^-7^eoxy3(S>proix)xy-2^^i-0-acetjl^ihiol m cosamiinde(XXI) 
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On marine the methyr N-ncetyl-6,7-aziri^^ 
anJde (S wiu? P mpar£)l and acetic acid under gentle reflux, there " otamed 

acetrfation with acetic anhyxinde in pyridine by the procedure of ^ k ^*»*^ » 
S methyl N-acci>U3,4^i^a ? ^ 

rXX) containing a minor amount of methyl N-acetyl-23^-0-acetyl-7(S>.propoxy-7. 
aeoxy-o-n^Uncosammide (XXI) having the following charactemucs: 

Mixture: m.p. 240— 242°C 

[ct]o +207° (c, 0.9054, CHCI*) 

4«rf.Calcd.forQoH S 30nNS: 

C, 51.81; H, 7.17; N, 3.03; S, 6.92 

Found: Q 51.41; H, 7.33; N, 3.16; S, 6.92 

MoLWt.calcd: 463.60 

Found (Mass spec): 463 
Pure XX: mp. 241J— 242.5^C 

[ah + 193° (c, 0.9254, CHQ,) 

And. Calcd. for C*H 3 *ONS : 

C, 51.81; H, 7.17; N, 3.03; S, 6.92 

Found: C 51.77; H, 7.02; N, 337; S, 6.84 

Mot Wt. calcd.: 463.60 

Found (Mass Spec): 463 
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Preparation 5— B 
Methyl 7^eoxy-7(S>pn^x>ry-^thiolincosaininidc (XXII) 



NHg- 



OH 



1777 

On hydrazindysis of the above products (Preparation 5A) there is obtained methyl 
7-dcoxy-7(S>propoxy^tHolincosaaikiidc (XXII), 

Preparation 5C 
7-Deoxy-7(S>piopoxylincomycin hydrochloride (XXIII) 

Me 



f^O op r 

' I ^—m* 



xiw 



10 



On acylatkm wkh timis-I -mediyi-^^ropyl-L-2-pyrrolid ine-carboxyiic acid by the 
procedure of Pan 18— C, there is obtained 7^eoxy-7(S)-propozylincornycin hydro- 
chloride (XXIII). 

Preparation 6— A 
Methyl N-acctyl-23 J 4^ri-0-acetyi-7-deoxy-7(S> 
isopropoxy-or-thiolincosainini de (XXIV) 



10 



ft 



13 



15 



JSH 



SMe 

CMC 



Following the procedure of Preparation IB substituting the methanol by isopropyl 
alcohol, iherc is obtained methyl N-acetyl-2^,4^-0-acetyl'7-<leoxy-7(S>isopropoxy- 
nr-thiolincosaminide (XXIV) having the following characteristics : 



1,298,295 



m.p. 253— 254°C 

M d + 192° (c, 0J35, CHCU) 

Anal. Calcd. for C^OoNS: 

C, 51.81; H, 7.17; N, 3.03; S, 6.92 
Found: C, 51.96; H, 7X>7; N, 3.19; S, 6*61 
Mol.Wt. calcd.: 463.6 
Found (Mass spec.) : 463 

Preparation 6 — B 
Methyl 7-deoxy-7(S)-isopropoxy^-thiolincosairunide (XXV) 



■O(iPr) 



7 



7Y7 

iPr=Isopropyl 

On hydraaanolysis of compound XXIV (Preparation 6A) there is obtained methyl 
7-dcoxy-7(S>isopropoxy^thiolirK»samim having the following characteristics : 

m.p. 213°C 
[«] n +225° (c, 0376, H s O) 

And. Calcd. for C,H, 8 OsNS : 

Q 48.79; H, 8.53; N, 4.74; S, 10.86 
Found: Q 48J2; H, 8.55; N, 526; S, 10.84 
MoI.Wt.cakd.: 295.40 
Found (Mass spec): 295 

Preparation 6 — C 
7-Deoxy-7(S)-isopropox^ncomycin hydrochloride (XXVI) 

Me 



i 





— ( 


— m-* — 




• 

my 


—0 



-net 



TYVT 

Following the procedure of Part 18 — C, compound XXV (Reparation 6B) is 
converted to 7^eoxy-7(S>isopn>poxyUncomycin hydrochloride having the following 
characteristics: 




35 



10 



M98^95 

m.p. amorphous 

[«]b+81°(c,0.898,H = O) 

And. Calcd. for Q,H 40 0,N 3 Siia : 

Q 51.99; H, 8.52; N, 5.78; S, 6.61; a, 7.31 
Found (corrected for 4.36% H s O) 

C, 51.72; H, 8.33; N, 5.59; S, 6.35; a, 7.29 
MoL Wl calcd. (free base) : 448.62 
Found: 448 

Activity: about the same as lincomycm 

Preparation 7— A 
Methyl N-acetyl-23,4-tri-0-acetyl-7-deoxy-7(S)- 
cyciohcxylox>'-o-thioiiiK»saniinide fXXVII) 



35 
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-OCyclohQfyl 



HSU 



15 



20 



Following the procedure of Preparation IB substituting the methanol by cyclo- 
hexanoi, there Is obtained methyl N-acetyl-2^,4^-0^cetyl-7^eoxy-7(S>-cydohexy!- 
oxy^traolincosaminide (XXVII) having the following characteristics : 

m-p. 266-268°C 

Wi> + 163° (c, 1.055, CHCU) 

And, Calcd. for Q^O^NS : 

Q 54.85; H, 7.41; N, 2.78; S, 637 
Found: C, 54.93; H, 7.53; N, 2.87; S, 6.65 
MoL Wt calcd.: 503.61 
Found (Mass spec): 503 

Preparation 7 — B 
Methyl 7(S)-cydohe^loxy-7^xy-^^ioKnco!^iiidc (XXVIII) 



OCycfohexyf 



15 




7(S; 



On 



>lysis of compound XXVII (Preparation 7A), mere is obtained methyl 
* 7-deoxy^thiolincosaminide (XXVIII). 
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Preparation 7 — C 
7(S)^^ohexyloja-7Kicoxylincomycin hydrochloride 



36 



I I C—NH- 



CH, 



^Otjjclohexyl 



'HCl 



OH 

Followin* the procedure of Pan 18— C methyl 7(S)-cyclohe^loxy7^Ieoxy- r 
thicrftoaSd^XrVIII) is converted to 7(S>cydohexylox y -7-deoxyl.ncon 1 ycui 

hydrochloride. Prepara tion 8-A ..^ A 

Methyl N-acetyl-7^xy-7(S>2'-h>idroxm^^ (XXIX) and 

methyl N - acetyl - i3,4 - tri - O - acetyl - 7(S) - 2' - acetoxyetnoiy - 7 - deoxy- 

(t-thiolincosamide (XXX) 



10 



MHH- 



-<xt%u 2 dn 




JXTT 

Following the procedure of Pan 18 — A substiruting the methanol by 2-hydroxy- 
cthanol, mere is obtained methyl N-acetyl^^xy^CSH'-hydroxyethoxy^c^o- 
lincosaminide (XXIX) which when acylated by the procedure of Pieparauon 2A but 
with heating on a steam bath to produce the fully acylated product gives methyl N- 
acetyl-2^fe-0-ace^ having the 

following characteristics : 

m.p. 223— 225°C 

[«]» +172° (c, 1.010, CHG») 

Anal, Calcd. for CajH^CNS : 

Q 49.69; H, 655; N, 2.76; S, 6.32 
Found: C, 49.56; H, 6.63; N, 2.90; S, 6.63 
MoL Wt calcd.: 507 55 
Found: 507 
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Preparation 8 — B 
Methyl 7^eoxy-7(S>2'-hydroxyethoxy^tMou^^ (XXXI) 



■0CH 2 CH;flH 
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On hydrazinolyas of methyl N-acetyi-23,4^-0-acetyl-7-deoxy-7(S)-2 / -acetoxy- 
etho^^thiolincosaminide (XXX), there is obtained methyl 7-deoxy-7(S>2'-bydroxy- 
emoxy-othioimcosaminidc having the following characteristics: 

m.p. 178J — 179.5°C 

[«],> +243° (c, 0.667, H 2 0) 

Ana!. Calcd. for C„H 2 ,O fi NS : 

C, 44.43; H, 7.80; S, 10.78; N, 4.71 
Found: C, 44.40; H, 7.99; S, 10.51; N, 4.60 
MoL Wt. calcd : 297.37 
Found (Mass spec) : 297 

Preparation 8 — ^ 

Methyl 7^1eoxy-7(S)-2 / -liydroxyemoxylmcoirrycm hydrochloride (XXXII) 
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HCl 



Following the procedure of Part 18^C, methyl 7Klcoxy-7(S>2'-hydrox>cthoxy-nr- 
thtcrfmcosaminide (XXXI) is converted to 7^eoxy-7(S>2'^ydioxy«boxy-lincomydn 
hydrochloride having the following characteristics : 



nxp.- amorphous • • 

[e] D 103° (c, 1.102, H s O) 

Anal Calcd. for C»H s ,0,N,Siia: 

C, 4932; H, 8.07; N, 5.75; S, 6.58; Q, 7.28 
Found (corrected for 2.11% H,0) 

Q 49.61; H, 7.85; N, 5.54; S, 6.46; 0,7.26 
Mol. Wc. calcd. (free base): 450.59 
Found (Mass spec) : 450 
Activity: about 1/3 lmcomycin 
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Preparation 9 — A 

Methyl N-acetyi-7^«xy-7(SV2'-mcthoxye^ (XXX II I) and 

metnyly N - acetyl - 2,3,4 - m^O - acetyl - 7 - deoxy - 7(S) - V - methoxy- 
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ttboxy^o-chiolmcosaminide (XXXIV) 
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Following the procedure of Part 18 — A but substituting the methanol by 
2-methoxyethanol, there is obtained methyl N^cctyI-7^eoxy-7(S>2'-methoxyethoxy- 
tt-thiolincosaminide (XXXIII) which on acetylation by the procedure of Preparation 2A 
but with bearing on a steam bath to produce the fully acctylated product yields methyl 
N - acetyl - 2,3,4 - tri - O - acetyl - 7 - deoxy - 7(S) - 2' - methoxyethoxy - a - tWo- 
lincosaminide (XXXIV) which is characterized as follows : 

m.p. 222— 223°C 

[«] B +177° (c, 1.079, CHQa) 

Anal. Calcd for C^H,,0,„NS: 

C, 50.09; H, 6.94; N, 2.92; S,6.69; OMe, 6.47 
Found: C, 50.13; H, 7.00; N, 2.77; S, 633; OMe, 7.28 
MoL Wt calcd: 479.54 
Found (Mass spec): 479 

Preparation 9— B 

Methyl 7-deoxy-7(S)-2'-metboxyeihoxy-^hioUn (XXXV) 
<% 
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On hydrazinolysis of methyl N-acer3i-23 > 4^*^-aceryl-7-deoxy-7(SV2 , -niethoxy- 
cdwxy^thiolincosaminide (XXXIV), there is obtained methyl 7-deoxy-7(S>2'- 
niethoxyetboxy^thiolincosaniinide (XXXV) having the following chanuXcrisrics: 

m.p. 178—179*0 

[*]» +231° (c, 0.827, H a O) 

Ami. Calcd for CH 25 0,NS : 

C, 4628; H, 8.09; N, 4.50; S, 1030 
Found: Q 46.57; H, 832; N, 5.01; S, 10.70 
Mot Wc.cakd: 311.40 
Found (Mass spec.): 311 
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Preparation 9 — C 
7-Dcoxy-7(S)-2 '-methoxycmcxyUncoinyrin hydrochloride (XXXVI) 




■HH- 



-OCH 2 CH 2 0Me 



OH 



'HCl 



Following the procedure of Part 18— C, methyl 7-deoxy-7(S>2'-mcthoxyethoxy-<r- 
thiolincosaminide (XXXV) is converted to 7^eoxy-7(S)-2'-metlK>xyethoxylinconiydn 
hydrochloride having the following characteristics : 

m.p. amorphous 

[a]„+87°(c,0J75,H»O) 

AnaL Calcd. for CnH fl .O,N 3 S.HCl: 

Q 50.33; H, 8.25; N, 5.59; 5, 6.40; CI, 7.08 
Found: (corrected for 4.17% H^O) 

C, 50.47; H, 8.60; N, 5.26; S, 5.86; a, 7.50 
Mol. Wt calcd. (free base) : 464.62 
Found (Mass spec): 464 
Activity: about 1/3 lincomydn 
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Methyl 7-Deoxy-7{ 
6-Amino-o,8-i 



Preparadon 10 

xy-a-Thh>lmcosaminide (XXXVII) (Methyl 
L-TnreowD^laao<)aopyranostde) 



•oh 



XXXVII 

A: Methyl N-*cetyl-7-o^xy-7(S>hydrox^ (XXXVIII) (methyl 

&^tanudo^,8^deoxy-L-threo^D-g^ 
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To a solution of 2.45 gms. of methyl 6,7-aziridino^camino-7-dco^ : «-iluo- 
lincosaminide (VI) in 25 ccs. of water was added 2.04 gms. of aceoc anhydride and 
the solution left at room temperature overnight. The solution was then taken to dryness 
on a rotary evaporator at 40-C./7 mm. to give a colorless syrup which was chromato- 
graphed on 750 gms. of silica gel in a 4.8x98 cm. column using !MeOH:7 CHU, 
as die solvent system. After a forerun of 550 ml., 50 ml. fractions were collected. 
Fractions 90 to 160 were pooled and taken to dryness to give 2.3 gms. of methyl 
N-acetyl 7-deoxy-7(S)-hydroxy-rt-thiolincosamiiude as a colorless solid which crystal* 
lized from methanol as colorless rods having the following characteristics: 

m.p. 218— 219°C. 

Mn +260° (c, 1.0296, H,0) 

And Cafcd. for C^H^O.NS : 

C, 44.73; H, 7.17; N/4.74; S, 10.86 
Found: C, 44.89; H, 7.02; N, 5.16; S, 10.64 
Mol.Wt.calcd.: 29536 
Found (Mass spec): 295 

B : Deacetylation 

The crystallized material from Part 28 — A was combined with the mother liquors 
and taken to drvness on a rotary evaporator at 40°C/7 mm. to give 2.01 gms. sohd 
which was heated overnight under gentle reflux with 40 ccs. of hydrazine hydrate with 
stirring. The solvent was removed from the colorless solution on a rotary evaporator 
at 7 mm. pressure in an oil bath at 120°C. The resulting colorless crystalline residue 
on recrystallization from methanol gave methyl 7-deoxy-7(S)-h>'droxy«^t-thioHncos- 
aminidc (XXXVII) as colorless platelets having the following characteristics: 

m.p.211— 212 C C 

f 4i> +280° (c, 0.7728, H,0) 

Anal. Calcd. for CH^O^NS : 

C, 42.67; H, 7.56; N, 5.53; S, 12.66 
Found: Q 42.81; H, 7.69; N, 5.85; S, 12.73 
Mol.Wt. calcd.: 253.32 
Found (Mass spec): 253 

Preparation 11 

Methyl N-Acetvl-2A4-Tri^Acetvl-7(SH*oxy (XV) 
and Methyl N - Acetyl - 2^,4 - Tri - O - Acetyl - 7(S) - Aceroxy - 7 - Deory- 
<r-Tbiolincosamin>de (XXXIX) 



ACM- 




ActfH- 



dnd AcO 



-QAC 



owe 
OAC 
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Following the procedure of Preparation IB but substituting the methanol by 
ethanol, there is obtained methyl N-acetyI-2,3,4^0^<«yl-7(S)-ethoxy-7-deoxy-«- 
thiolmcosaminide (XV) identical with the product of Part 22— B and a minor amount 
of N-acctyl-2,3 ,4-tri-0-aceryl-7(S)-acetoxy-7-deoxy^tfc^^ (XXXIX) 
which can be separated by Craig countercurrem distribution using 1 EtOH: 1 H a O: 1 
EtOAc: 1.5 cydohexane as the solvent system in 500 transfers. The minor component 
(XXXIX) was obtained from tubes numbers 140—200 (K=0.52\ and the major com- 
ponent (XV), from tubes numbers 260—330 (K=1.43). The minor component 
(XXXIX) crystallized from ethyiy acetate as colorless needles having the following 
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m.p. 312— 313°C 

[<r] D +182° (c, 0.5898, CHd 3 ) 

Anal. Calcd. for CuHgnOuNS : 

C, 4922; H, 631; N, 3.02; S, 6.92 
Found: C, 49.17; H, 6.51; N, 3.08; S, 6.81 
MoL Wt. calcd. : 463.50 
Found (Mass spec): 463 

On subjecting the minor component to hydrazinolysis there is obtained methyl 
7^coxy-7(S>hydroxy^hiouncosammide (XXXVII) identical with the product of 
Part 28— B. 

Example 19 

Part 19— A: 2'-Hydroxyethyl N-acetyl-2 / -23,4-tetra-0-acety3-7-0-methyl 1-thio-u- 
Hnowaminide (XL) 
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S-CHfCHfO-Ac 



2'-Hydroxyethyi l-thio-<r<e!estosaminide (1.0 gm.) (Example 3 of U.S. Patent 
3,255,174) was left overnight in solution in pyridine (25 ccs.) and acetic anhydride (12 
ccs.). Removal of the solvent in vacuo gave a colorless oul which was dissolved in 
chloroform, washed with water, dilute aqueous hydrochloric add, water, saturated 
aqueous sodium bicarbonate, water and dried over anhydrous sodiuf sulfate. Solvent 
removal in vacuo gave a syrup (2.03 gms.) which on crystallization from ethyl acetate- 
Skellysolve B yielded 2'-hydroxyethyl N-acetyl-2'-2^ i 4^etra^ac«tyl-7-0-niethyl-l- 
thio^luicosamiaide (Formula XL) in squat, colorless prisms, m.p. 143 — 144°C 
Skellysolve B is a brand of technical bexanc. 

Anal Calcd. for CH^O , »NS : 

Q 49.68; H, 6J4; N, 2.76; S, 6.32% 
Found: C, 49.66; H, 6.50; N, 2.91; S, 6.34% 
[«] D +216° (c, 0.7746, CHQ,) 
Part 19— B: Methyl N^cetyI-23 3 4-tri^acetyl-7-0"methyI- l-thio-<r- and -£-lincos- 
aminides (XLI and XLII) 
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A solution of 5.05 gms. (1.62 ccs.) of bromine in 100 ccs. of chloroform was added 
r approximately 30 minutes from a pressure-equalized dropping funnel under 
anhydrous conditions to a stirred solution of 10 gms. of 2'-hydn>xyethyL N-acetyl- 
2',23,4-tetra-O-aceryM-tto* prepared by the procedure of Part 

30 — A in 200 ccs. of chloroform. Initially, the bromine color disappeared immediately; 
later, a deep orange-red color developed. After stirring for an additional 30 minutes 
at room temperature, solvent was removed on a rotating evaporator at 40°C./7 mm., 
giving a yellow-orange syrupy residue. This was redissolved in chloroform, the solvent 
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removed m vacuo, and the process repeated till the disiiliate became colorless, leaving 
a yellowish amorphous residue of l-bromo-7-0-methyl-«-lincosamine tetraaceiate of 
the formula 



ft 



AcHH- 



urn 

The residue was dissolved in 200 ccs, of dry dimethylformamide, 4.5 gms. of 
thiourea was added, and the reaction mixture (a colorless solution) stirred overnight at 
room temperature. There were thus formed the isothiouroniura salts of the formulas 
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Without isolating these salts and after cooling in an ice-bath, 100 cos. of water was 
added slowly, followed by 83 gms. of anhydrous potassium carbonate, 10.6 gms. of 
sodium bisulfite, and 28 gms. (12 J ccs.) of methyl iodide. The mixture was stirred 
vigorously magnetically for 3 hours, the cooling bath being removed after 20 minutes. 

Volatile materials were removed in vacuo at 40°C, and finally at 80°C/ < 1 mm. 
The yellow residue was dissolved in a mixture of chloroform and water, the aqueous 
layer extracted with chloroform, and the combined chloroform extracts were washed 
twice with water and dried over anhydrous sodium sulfate. Removal of the solvent 
m vacuo gave a colorless amorphous residue (6.48 gms.). Thin-layer chromatography 
(1 acetone: lSkellysolve B) showed 8 major zone of product with a small zone of 
slightly higher R*. 

This material was chromatographed on silica gel (12 kilos, column dimensions 
5.8 x 90 cms.) in the system 1 acetone: 1.5 Skellysolve B. After a 500 cc forerun, 50 cc 
fractions were collected automatically, and dution of materials followed by thin-layer 
chromatography. Fractions numbers 145 — 173, inclusive, corresponded Co the materia) 
of higher R,, numbers 185 — 310, inclusive, corresponded to the major product, and 
numbers 174 — 184, inclusive, were a mixture of the two. 

Removal of solvent in vacuo from combined fractions 145 — 173, inclusive, gave a 
colorless syrup (570 mgmsA which on crystallization from ethyl acetate- Skellysolve B 
yielded methyl N-aceayl-2^ ,4-tri-0-acetyl-7-0-meth_vl- 1 ^o^r-IIncosaminide in small 
colorless prisms, m.p. 212— 213°C undepressed on a mixture with the sample of 
Example 31 (Part 31— Q, of m.p. 211J— 213°C, and also indistinguishable from it 
by infrared, nuclear magnetic resonance, and mass spectra, and also by optical rotation. 

Removal of solvent in vacuo from combined fractions 185 — 310, inclusive, gave a 
slightly yellow amorphous solid (4.23 gms.) which on crystallisation yielded methyl 
N-ac*tyl-2^,4-tri-0-ace*yJ-7^-mem^ in colorless prisms, m.p. 

187— 188°C 
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And. Calcd. for C, JH 2p O^S : 

C, 49.64; H, 6.71; N, 322; S, 7.36; MeO, 7.13 
M.W. 435.49. 

Found: C, 49.73; H, 6.95; N, 3.18; S, 7.64; MeO, 7.41 
5 [«]» +24° (c, 0.7484, CHC1 3 ) 5 

MpL Wc: (mass spec, M+) 435 

The overall yield of introduction of the — SMe group (i.e. tt+/?-anomers) was 
492% (6.7%*, 42.5%0) with the «/£ ratio 1 : 6.35. 

The i/S-anomer can be recycled to Part 30 — B and thus enhance the overall yield 
10 of the more desired o-anomcr. i n 

Part 30— C: 

The procedure of Part 30 — B was repeated substituting the methylfonnamide by 
hexamcthylyphosphoric triamide (Mc~N\¥=0) giving an overall yield of 65.5% 
(22.7%*, 42.8%§) and thus an <r/0 ratio of 1 : 1.9. 
15 Part 19—0—1 : Methyl 7^methyl-l-tnio-tt-Uncosanumde (XLVI) 15 

°* 

CHjO- 



Nff r 



UM 



The methyl 7-O-methyl- 1 -thi o^lracosainini de-tetraacetate (XLI) (1.46 gras.) was 
dissolved in 50 ccs. of hydrazine hydrate and heated under gentle reflux in an oil-bath 
at 155 °C. for 24 hours. Volatile solvent was then removed as completely as possible by 
20 distillation at 110°G/15 mm, giving a colorless crystalline residue which was triturated 20 
with anhydrous acetonhrile. The solid was removed by filtration and dried. On crystal- 
lization from a concentrate of 95% erhanol, 430 rags, of methyl 7-O-methyi- 1-thro-a- 
lmcosaminide hemihydrate (Polymorph I) were obtained as colorless flattened needles, 
m.p. 126— 126.5°G 

23 AhoL Calcd. for QoHmOJIS.1 /2H,0 : 25 

C, 43.46; H, 8.03; N, 5.07; S, 11.60; OMe, 11.23 
M.W.O"ihydrous) 267.35. 
Found: C, 43.63; H, 830; N, 5.18; S, 11.67; OMe, 11.74 
pKa' 7.1 

30 [«]„ +263° (c, 0.8284, H a O) ^ 

Mol. Wt. : (mass spec, M+) 267 

Part 19— V^2: 

The procedure of Part 19— D — 1 was repeated except that the crystaflization 
was effected slowly in a more dilute solution in 95% ethanol. Methyl 7-O-metfayM- 
35 thkHg- t mofwa mmi de hemihydrate was obtained as colorless platelets, m.p 162— 163°C 35 
(Polymorph II). 

Both polymorphic forms showed identical chromatographic behavior (R, 0.2 on 
silica gel TLC in 1 methanol: 15 chloroform by volume). A mixture melting point of 
forms I and II gave me following: 
40 I and I m.p. 126— 126.5°C 40 

n and n rap. 162— 163°C. 

I and II rap. 162— 163°C. 

Thus in the presence of Form II, Form I is converted to Form II at some temperature 
below 162°C 

45 Part 19 — E: 7-O-Methyllincomycin hydrochloride (XLVII) 45 
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A mixture of 3.08 gms. of 4-frflW-propylhygric acid hydrochJondc and 75 ccs. ot 
acciomtrilc was stirred magnetically in a 3-neckcd, 500 cc flask, ^P^.*** • 
drying tube and a thermometer extending below the liquid surface. On addition of 

5 3.31gms. of trirthylamine, die solid dissolved rapidly to give a pale tan solution. 

oTcooling to - 5°C in an ice/methanol bath, a colorless precipitate of methyl- 
ammonium chloride separated. Without removal of the precipitate, 2.02 gms. (1.94 ccsj 
of isobutyl chloroformate were added at such a rate that the t^ratiire ranamed 
between -5°C and 8°C > after which stirring was continued at -5°C for 15 minutes. 

10 There were then rapidly added 2.0 gms. of methyl 7-O-memyI-l-tmo-^Iincos- 

aminide in 25 ccs. of water to the above mixed anhydride solution, givi ng a p ale on 
solution, which was stirred at 0°C for 45 minutes. Thin-layer chromaography (silica 
ed, 8 ethyl acetate: 5 acetone: 1 water by volume) showed a trace only of residual 
aminosugar, and a major new zonr of R,=0.4. Volatile solvent was removed m vacuo 

15 at 40°cTi*e tan aqueous residual solution adjusted to pH 10 by the addition _of aqueous 
sodium hydroxide (AH, the mixture extracted thrice with 100 cc portions of chloroform, 
and the combined extracts washed with water and dried over anhydrous sodium sulfate. 
Removal of the solvent m vacuo at 40°C give a tan amorphous solid (2J2 gms.). 
Chromatography on silica gel (450 gms., column dimensions 3.8 x 95 cms,) m the 

20 system 1 methanol: 15 chloroform by volume following a forerun (250 ccs.) after wtucn 
25 cc. fractions were collected automatically, gave 7-O-merhyIUncomycm in fractions 

44 70, inclusive, obtained on removal of the solvent in vacuo as a colorless syrup 

(220 gms,). This syrup was dissolved in water (5 ccs,) by stirring and adding hydro- 
chloricadd (concentrated) to attain a pH of 3, the solution filtered under suction, the 

25 sinter washed with water (3 ccs,) and the filtrate and washings cooled in an ice-methanol 
bath. With stirring, acetone (200 ccs.) was added, followed by ether (100 ccs.), giving a 
colorless crystalline precipitate which was collected and dried in a vacuum desiccator at 
room temperature. The solid (1.71 gms.) was obtained as small, elongated, colorless 
platelets, m.p. 155— 157°C 

30 And. Cafcd. for Q^O^S-HCl : 

C, 49.93; H, 8.16; N, 6.13; S, 7.02; CI, 7.76; OMe, 6.79 
M.W. (free base) 420.57. 
Found (corrected for 4.83% H.O): 

C, 50.09; H, 8.22; N, 6.02; S, 7.20; Q, 7.46; OMe, 7.03 
35 [«]d+ 145°C (c, 1.063, H s O) 

pRa'7.6 

MoL Wt.: (mass spec, M + of free base) 420 

The 7(R)-0-methyllmcomycin thus produced can be further processed by the 
novel process of this invention to yield the corresponding 3 -cud co tide. 
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Example 20 

Pait 20— A — 1 : Methyl N-acetyi-2-0-aceryl-3,4-0 isopropylidcnc-l-thio-a-lincos- 
aminidc(XLVIII) 



45 




Methyl 



XLM 



Methyl 6^N,7-0-ethytidync-3,4~0-isopropyb"denc- 1-thio^b'noosammide (5 gms.) 
(Example 1— C of U.S. Patent 3,337,527) was acetylated by leaving overnight at room 
temperature in a mixture of pyridine (25 ccs.) and acetic anhydride (12 ccs,). Removal 
of solvent on a rotating evaporator in vacuo at 40°C gave a pale yellow syrup which 
was dissolved in chloroform, washed with water, saturated aqueous bicarbonate, again 
with water, and dried over anhydrous sodium sulfate. Thin-layer chromatography 
(sulca gel, 75 methylethyl ketone: 25 acetone: 10 water by volume) showed the absence 
of starting mat e rial, and the formation of a new zone of slightly higher R,. Remo val of 
the solvent in vacuo at 40°C gave methyl 2-0^ccryJ-6N,7-0-ctbyliciync-3,4-0-isi>- 
propyHden £-l>m io^linrosamtnide as an almost colorless syrup which could not be 

induced tO f.Ty sftfllix^ 

Water (75 ccs.) at pH 7 was added and, wfth magnetic stirring, the mixture was 
heated on a steam-bath. After 6 hours the solvent was removed m vacuo at 40°C. to 
give a colorless crystalline solid (5.95 gnu.) which was chrcmamgrapbed on silica (600 
gms., column dimensions 4.8 x 79 cms.) in the system 1 methanol : 7 chloroform (by 
volume). After a 650 cc forerun, 25 cc fractions were collected aurcmatically, the 
elation being followed by thin-layer chromatography. The desired material was present 
in fractions 35 — 41, inclusive. Removal of the solvent gave a colorless amorphous solid 
(1.57 gms.). Rccrystallization from acetone-SkeDysolve B (technical hexane) gave color- 
less needles of methyl N-acetyl-2^-acety]-3,4^isopro^ 
nxp. 178— 179°C 

Anal Calcd. for CftANS : 

Q 50.92; H, 7.21; N, 3.71; S, 8.49; N.W. 377.4*. 

Found: C, 50.50; H, 720; N, 3.77; S, 8 JO 

[a] , + 194° (c, 0.7342, CHCU) 

MoL Wt.: (mass spec M*) 377 
Part20-A— 2; 

The procedure of Part 20— A — 1 was repeated except that the solvent was 
removed a beating time of 2 hours (instead of 6 hours). The yield of methyl N-acetyl- 
-2-0-acctyl-3 ,4-O-isopropyiidcnc- 1 -thio^lincosaminide was 'inrasfd to 60.5%. 
Part 20— B: Methyl N-*ceryi-2-0-aceryl-7-0-ir^^ 

lincosaminide (XLVIX) 
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Methyl N-accni-2-0-acct>'l-3,4-0-isopropjiidene-l^hio^Uocosaminidc (1.0 gm., 
1 mo!.), methyl iodide (37.6 gins., 16.5 ccs., 100 mols.), and silver oxide (3.1 gms., 5 
mols.) were heated and stirred under gentle reflux for 16 hours. The methyl iodide was 
removed in vacuo at 40°C and the resulting yellow-gray powder was extracted 

5 thoroughly with methylene chloride. Removal of the solvent in vacuo gave a yellow 5 
syrup (1.09 gms.). This crude product was subjected to countercurrent distribution (500 
transfers) in the system 1 ethyl acetate: 1 ethanol: 1 water: 2 cyclohexane, by volume, 
using equal volumes of upper and lower phase. A major peak was found, of K=0.34, 
matching the theoretical curve. m 

10 Removal of the solvent from the combined fractions of the material of K=0.34 10 

yielded a syrup (250 mgms.) which crystallized on standing. Recrystailization from ethyl 
acetate-Skcllysolve B, gave methyl N-aceryl-2<)-acet>'l-7-0-niethyi-3,4-0-isopropy- 
lidene»l-thio-<r-lincosaminide as blunt, colorless needles, m.p. 152 — 154°C (160 
mgms.). A second recrystaJIizauon from the same solvent mixture yielded the pure 

15 product, m.p. 152.5— 154°C 

Anal. Calcd. for GrH*.O y NS: 

C, 52.15; H, 7.47; N, 3.58; S, 8.18; N.W. 391.48. 
Found: C, 52.24; H, 7.48; N, 3.92; S, 7.98 
Mol. Wt- : (mass spec, M+) 391 
20 [a) v +188- (c, 1.185, CHCIO 20 

Part 20u-C: Methyl N-acetyl-7-O-methyl-l -thio-r-Iincosaminide and its triacetate 

at-fl- 



chJI-nh- 



15 



OH 

Methyl N-.acetyl-2-0-aceryl-3 I 4-0-isopropylidene- 1 -thio^r-lmo>saminide (100 
mgms.) was stirred with water (20 ccs.) and aqueous hydrochloric acid (N, 5 ccs.) at 

25 room temperature overnight. The solution was neutralized by stirring with silver car- 25 
bonate (3 gms.), the solids removed by filtration and washed with water, and the filtrate 
and washings taken to dryness on a rotating evaporator at 60°C/7 mm., giving methyl 
N-aoetyl-7-O-memyl-l-uVo-c^Hncosanunide as a colorless syrup which did not crystal- 
lize. It was further characterized by convening it to the triacetate 

30 Pyridine (5 ccs.) and acetic anhydride (3 ccs.) were added, the mixture swirled till 30 

the syrup had dissolved, and the mixture left overnight at room temperature. Solvent 
was then removed as completely as possible at 40°C/< 1 mm., giving a tan crystalline 
mixture, which was dissolved in chloroform, washed with aqueous hydrochloric add 
(N/10), water, saturated aqueous sodium bicarbonate, water, and dried over anhydrous 

35 sodium sulfate. Removal of the solvent in vacuo gave methyl N-acetyl-2,3 3 4-tri-0- 35 
acetyl-7-O-methyi- 1 -thiewt-iincosammide as an almost colorless crystalline solid which 
separated from ethyl acetate-SkeUvsolve B in small colorless prisms, m.p- 211.5 — 
213°C 

And. Calcd. for C^.O^S : 
40 C, 49.64; H, 6.71; N, 322; S f 7J6; MeO, 7.13 40 

N.W. 435.49. 

Found: C, 49.72; H, 6.77; N, 336; S, 727; MeO, 7.08 
[<r] D +229° (c, 0.7174, CHCk) 
Mol. Wt. : (mass spec., M+) 435 

45 In che above Examples, in place of methyl iodide, there can be substituted ethyl, 45 

propyl, butyl, isoburyl, sec.butyf, and ten. bury J iodide to produce the corresponding 
7-O-alkyl analogs. 

Above in place of 4-propylhygric acid hydrochloride (l-methyl-4-/rniu-propyl-L- 
2-pyrroIidmecarboxylic acid hydrochloride) there can be substituted the hydrochlorides 
50 of other L-2-pyrroiidine carboxyiic acids of the formula 50 
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ft 



wherem R* is hydrogen or methyl or ethyl, and R, is hydrogen or C,_. alkyl. i.e., 

tWrf S™ 1 ' ??pjf ^* heptyl, and oayl, and the isomeric forms 
thereof, to give compounds of the following formula 



^ ' £ — NH 

T-T' 



10 



0// 

wheieinR- and R t are as given above. The resulting Imcomycm compounds can be 
COTverted to the corresponding novd 3-nucleoridcs by the novel processes of this 
invention. 

WHAT WE CLAIM IS : — 

1. A compound of tbc formula : 

t 



-HH- 



10 




^.^^i^^Z^ Y . ca ? ^k*- 01, ^Hifiguradon and is — SR wherein 
R is aBcyi of 1 to 6 carbon atoms, inclusive; 



15 



20 



£ T^T^3^?^ ; % H SLf? ^ owHdkyl of from 1 to 8 carbon atoms; 
fkJ^tTT^^^ 5 X " - 0 ? 1 f 1 *"™ 5 * bromine, iodine or —OR,, wherein R. fe 
*»* cydoalkyl t hydroryalkyi or altox^dkyl each hi 

the (R) or (S) configuration; and Z is a nucJeoside-5'-phosphate gnnip whereuTsaid 
nucleoside is adenosine, guanosine, cytidine or uridine. gnjup wnerem sata 

2. The zwitterion fonn of the compound of claim 1 

3. A compound according to claim 1 having the formula: 



15 



20 
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and the salts thereof, wherein Z is a nuceIoside-5 '-phosphate group wherein 
nucleoside is adenosine, guanosine, cytidine or uridine. 

5. A compound according to claim 2 having the formula : 




wherein Z is a nucleoside-5 '-phosphate group wherein said nucleoside is adenosine, 
gua nosine, cytidine or uridine and R* is CH a . 
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6. A compound according to claim 1 having the formula : 




and the Saks thereof, wherein halo is chlorine or bromine and Y, R„ R 3 and Z are as 
given in claim 1. 

5 7. A compound according to claim 6 having the formula : ' 




and the salts thereof, wherein Z is a nudeoside-5 '-phosphate group wherein said 
nucleoside is adenosine, guanusine, cyndine or uridine and Ra h GH,. 
8. A compound according to claim 2 having the formula : 




wherein Z is a micleoside-5' phosphate group wherein said nucleoside is adenosine, 
guanosine, cytidine or uridine and Rs is CH t . 
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9. A compound according to claim 1 having the formula : 




-m- 



"HBtO 



and salts thereof, wherein halo is chlorine or bromine; R 3 is CH,; R, is pemyl; and 
Z is a nuckoside-5 '-phosphate group wherein said nucleoside is adenosine, guanosine, 
cyridine or uridine. 

10. A compound according to claim 9 having the formula : 

ft 




and salts thereof, wherein R, is CH 3 ; R, is pemyl; and Z is a nudeosde-5 / -phosphate 
group wherein said nucleoside is adenosine, guanosine, cyridine or uridine. 
11. A compound according to claim 2 having the formula : 



10 





— a 


— ta — 


HO/ 





wherein Z is a nucleoside-5 '-phosphate group wherein said nucleoside is adenosine, 
guanosine, cytidine or uridine; R» is CH,; and R, is pentyL 
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12. A compound according to claim 1 having the formula: 



51 




c — m- 



t5» 



OH 

and sails thereof, wherein halo is chlorine or bromine; R, is CH,; R, is pentyl; R a is 
H; and Z is a nudeoside-5 '-phosphate group wherein said nucleoside is adenosine, 
guanosine, cyridine or uridine. 

13. A compound according to claim 12 having the formula : 




and sate thereof, wherein R„ is CH a ; R» k pentyl; and 2 is a nudeoside-5 '-phosphate 
group wherein said nucleoside is adenosine, guanosine, cytidine or uridine. 
14. A compound according to claim 2 having the formula : 



10 



15 




wherein R, is CH,; R, is pentyl; and Z is a nucleoside-5 '-phosphate group wherein 
said nucleoside is adenosine, guanosine, cytidine or uridine. 

15. A compound according to claim 1 wherein Y is — R, is propyl, R, is 
CH„ X is chlorine, and Z is a nudeoside-5'-phosphate group wherein said nucleoside 
is cytidine. 

16. A compound according to claim 1 wherein Y is — SGH 3 , R, is propyl, R, « 
CH„ X is chlorine, and Z is a nucleoside '-phosphate group wherein said nucleoside is 
adenosine. 
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17. A compound according to claim 1 wherein Y is — SCH„ R, is propyl, Rt w 
CH i? X is chlorine, and Z is a nuckoside-5 '-phosphate group wherein said nucleoside 
is uridine. 

18. A compound according to claim 1 wherein Y is — SCH„ R, is propyl, R* 
is CHj, X is chlorine, and Z is a nucleoside-5'-phosphatc group wherein said nucleoside 
is guanosme. 

19. A process for preparing a compound as defined in claim 1 which comprises 
incorporating a compound of the formula : 



r 



•hH- 



OH 

wherein R„ R*, X and Y are defined in claim 1, in the fermentation medium of a 
sireptomyces fermentation. 

20. A process according to claim 19 which comprises incorporating a compound 
of the f 




in a Sireptomyces coelicolar Mulkr, NRRL 3532, fermentation to produce compounds 
of the formula: 



10 



15 



20 



t 



ft 



•a 



b 



wherein Z is a nudeoside-5 '-phosphate group wherein said nucleoside is adenosine, 
guanosine, cyndine or uridine. 

21. A process according to daim 19 which comprises incorporating a compound 20 
of the formula: 
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in a Streptomyces venezuclae, NRRL 3527 fermentation to produce a compound of 
me formula: 




wherein Z is a nucleoside^ '-phosphate group wherein said nucleoside is adenosine, 
guanosine, cytdiine or uridine. 

22. A process for isolating a compound of the formula: 

ft 



-NH- 




wherein R„ R*, Z, X and Y are as defined in claim 1, from a Streptomyces fermema- 
10 tion medium which comprises 10 

(1) filtering the fermentation medium; 

(2) absorbing the resulting filtrate on a suitable absorbent to remove water-soluble 
impurities/ 

(3) c hrom a to graphing the resulting elaute from the absorbent on an anion exchange 

15 resin; 15 

(4) subjecting fractions from the anion exchange resin to counter current distribution; 
and 

(5) separating the individual 3-nucko tides by chromatography. 

23. A tfaerapeutic^con^tic^ conrrmsing, in.uns *^.form, from 25 to:500 
20 mg- of a compound of the fonnula: 2Q 



BNSDOCIO: <G8. 



.12B6295A__L> 



1,298,295 



54 




wherein R„ R s , 2, X and Y arc as defined in claim 1, or a phannaoologkaUy accept- 
able salt thereof as an essential active ingredient in combination with a pharmaceutical 
earner. 

24. A therapeutic composition comprising from 5% to 82% by weight of « 
compound of the formula : 




wherein R„ R„ Z, X and Y are as defined in claim 1, or a phannacologicaJJy accept- 
able salt thereof as an essential active ingredient in combination with a phrmaceuucal 
vehicle. 

25. A sterile composition for parenteral administration comprising from 5% to 
%, w/v, of a compound of the formula : 



10 



82 




wherein R„ R?, Z, X and Y arc as defined in claim 1, or a pharmacologically accept- 
able safe thereof as an essential active ingredient in combination with a sterile vehicle. 

26. The process for treating susceptible microbial infectious disease in animals 
crchiriing humans which comprises aamiiustering to the bacterial host a therapeutic 
amount of a compound of the formula : 



15 
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wherein R,, R*, Z X and Y ate as defined in claim 1, or a pharmacologically accept- 
able salt thereof in combination with a pharmaceutical carrier. 

27. The process according to claim 26 for treating susceptible microbial infectious 
disease in animals excluding humans which comprises administering to the bacterial 
host, in unit dosage form, from25 to 500 mg. of a compound of the formula: 




wherein Ri, R 3I Z, X and Y are as defined in claim 1, or a pharmacologically accept- 
able salt thereof in combination with a pharmaceutical carrier. 
10 28. A process according to daim 26 for treating susceptible microbial infectious 

disease in animals rxrluding humans which comprises administering to the infected 
host from 1 rag. /kg. to 50 mg/kg. per day of a compound of the formula : 



10 




wherein R u R» Z, X and Y are as defined in daim 1, in combination with a pharma- 
15 ceutical carrier. 

29. A process of prophylactic treatment for the prevention of susceptible microbial 
infectious disease comprising the administering to a disease-susceptible animal host 
excluding humans an effective amount of a compound of the formula : 



15 
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0 



t5 



OH 

wherein R„ R : Z, X and V are as defined in claim 1, or a phannacoloeicallv accent- 
able salt thereof in combination with a pharmaceutical carrier 8 Y ^ 

nf ..i^i.u'^^J^^f g C ° cl ?! m 29 of Prophylactic treatment for the prevention 
HM?!325 ^^ Cr ° b,a , 1 ™ !ect ! om **** comprising administering to a diseie-raip. 




I^'SIa" R 7 2, X ?? d ? are . as defiaed in daim 1, or a pharmacologically accent- 
able salt thereof in combination with a pharmaceutical carrier. pnalroacD,0 » la,u J r tax P t 

1 to 18 ^hSSSSii" U 8 J ^ r ? arati .? n J of . a , compound as claimed in any of claims 
^to 18 substantially as herein described with reference to Examples 1 to 10, 19 imd 

as claimed bSf^B 22 fa,Cd " * ""^ 1 " 1 8 Wbm * » 

33. A therapeutic composition comprising as the active inmdienr a romnm^H 
*danncd » any of daims 1 to 1 8 or Ttoge^hex with 2*K 

h™*™* ^S^™*** a T a ? 3 ^ nl * niicroWaJ infectious disease in animals exdudin* 
humans which comprises admmistering to said humans and aniinalsVam^^S^! 
claimed in any of claims 1 to 18 or 32. "umais a compound as 

35. A process for the prevention of microbiaJ infectious disease in ^imok 

jjs t SBTSaa^asteasaesvas? s 

. For the Applicants : 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52 Chancery 
London, WG2A 1HN. 
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